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A SUMMARY OF THE son .. FUNGI 
By J. C. GILMAN and E. V. ABBOTT 
From the Laboratory of Plant Pathology, Iowa State College, and the Laboratory of 
the Soils Sectton, Iowa .Agricultural Experiment Statton 
Submitted for publication, February 22, 1927 
The key to soil fungi presented here is the outgrowth of a study of 
the fungus flora of soils which has extended over a period of nearly five 
years. During the course of the work several hundred isolations were made 
from soils in Iowa and Louisiana, while a less systematic study was made 
of soils from other sources as opportunity arose. The key is intended to 
include all of the species of fungi which are reported in the literature as 
having been isolated from the soil, in addition to those which are reported 
for the first time by the authors. Certain exceptions are noted under the 
different genera. 
It is realized of course, that in the future many additional fungi will 
be isolated from the soil which are not included here. It is also probable 
that some species have been isolated from the soil which have not been for-
mally reported in the literature. Studies of the fungous flora of soils in 
many parts of the world, however, have shown that a considerable number 
of species are widely distributed in soils, and it is believed that the more 
common soil organisms are included in the key. 
Wherever possible the key has been based on the existing keys to the 
various genera and species, making such changes as were necessary to in-
clude the soil forms and the new species described. In some cases it was 
necessary to key species which had not been examined in culture, which 
is rather difficult in instances where the published descriptions are meager. 
The key to the genera is adapted from that given in Engler and Prantl 
(18). 
The term "soil" is not defined. It is quite probable that the meaning 
of the term as used in some of the European literature differs somewhat 
from the common idea of soil in America, but it would be impossible to 
differentiate between them for the purposes of this paper. However, species 
of fungi were excluded from the key which are reported in the literature 
as having been isolated from material that had not been incorporated into 
the soil proper and was still recognizable, such as decayed wood and leaf 
mold. Such organisms are listed as doubtful soil fungi. 
A group of organisms which are probably soil inhabiting are many 
of the fleshy fungi, particularly members of the families Agaricaceae and 
Lycoperdaceae, which are found commonly in meadow soils and woodlands. 
The relationship between the mycelium of these fungi and their substratum 
is not sufficiently clear to definitely determine whether they should be 
classified as soil fungi or more properly as symbionts associated with the 
roots of various flowering plants in a mycorrhizal condition. It was there-
fore thought best to omit them from this list. 
Nor has any attempt been made to include those plant pathogenic fungi 
which are reported in the literature as occurring in the soil, but which have 
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been isolated :from the soil only by means of their attack on the particular 
host plant growing in soil infested by them. There is a considerable num-
ber of such organisms, particularly among the species of the genera Fusa-
rium and Pythium. 
Only such forms as have been directly isolated on an artificial cultural 
medium are included. It is recognized that in all work of this type the 
medium used exerted a selective action on the species reported; hence it 
should be noted that in the isolations made by the authors, Waksman and 
Fred's (54) synthetic acid agar was employed throughout. 
This agar is recommended for the isolation of fungi :from the soil be-
cause it eliminates bacterial colonies and favors the growth of fungi. For 
the cultural studies Czapek's solution agar and dextrose bean agar were 
used. A.s a rule morphological characters do not differ greatly on these 
media, although growth is usually more abundant on the bean agar. A. few 
organisms failed to grow at all typically on Czapek's agar. 
The soils studied in Iowa and Louisiana are described in previous pub-
lications (2), (3). The fungi reported :from Utah were isolated :from five 
representative types of cultivated soil :from that state, furnished through 
the courtesy of Dr. Thomas L. Martin, Brigham Young University, Provo, 
Utah. 
Two hundred and forty-two species of fungi in 61 genera have been 
described :from the soil. The following 20 species new to science are de-
scribed in this paper: 
Phoma humicola n.sp. 
Coniothyrium terricola n.sp. 
Monilia implicata n.sp. 
M onilia brunnea n.sp. 
Penicillium craterif orme n.sp. 
Penicillium restrictum n.sp. 
Penicillium guttulosum n.sp. 
Penicillium vinaceum n.sp. 
Gliocladium catenulatum n.sp. 
Gliocladium fimbriatum n.sp. 
Gliocladium atrum n.sp. 
Sporotrichum pruinosum n.sp. 
Periconia lanata n.sp. 
Acremoniella brevia, n.sp. 
Dematium scabridum n.sp. 
Mesobotrys simplex n.sp. 
H elminthosporium anomalum n.sp. 
Spondylocladium australe n.sp. 
Acrothecium robustum n.sp. 
Volutella pirif ormis n.sp. 
Cultures of these species have been deposited with the American Type 
Culture Collection, at .the John McCormick Institute for Infectious Dis-
eases at Chicago, Illinois. 
Twenty-six of the species described have not previously been reported 
:from the soil and 58 are reported :from new localities. 
The distribution of species amol\g the genera listed is worthy of com-
ment. Species of the genus Penicillium were most numerous, numbering 
39; the genus Mucor was a close second with 32 species, Fusarium was third, 
being represented by 27 species, and A.spergillus was fourth, with 20 species. 
'l'he other genera were represented by :from. one to six species each. 
KEY TO THE CLASSES, ORDERS, FAMILIES, AND GENERA OF SOIL FUNGI 
a. Filaments one-celled, rarely septate; conidia usually in sporangia; sex-. 
cells when present uniting to form resting-spores. 
A.. Phycomycetes. 
b. Conidia typically in globose to cylindric sporangia; zygosporous. 
I. Mucorales. 
r' 
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c. Sporangia always present, conidia sometimes present. 
d. Columella present; zygospore naked or with a few appendages. 
e. Wall of the sporangium homogeneous, not cuticularized, difflu-
ent. 
f. Sporangia similar. 
I. M ucoraceae p. 234. 
g. Sporangia pyriform. 
1. Absidia. 
gg. Sporangia spherical. 
h. Sporangiophores united into groups on a rhizoidiferous 
stolon. Sporangiophores at the nodes opposite the rhi-
zoids. Spores usually longitudinally striate. 
2. Rhizopus. 
hh. Sporangiophores emerging singly from the mycelium, 
not from rhizoidiferous stolons. Spores generally smooth, 
without longitudinal striae. 
i. Zygospores, the result of the union of two equal 
gametes. 
3. :Jlucor. 
ii. Zygospores, the result of the union of two unequal 
gametes. 
4. Zygorhynchus. 
ff. Sporangia of two sorts, primary and secondary. 
II. Thamnidiaceae p. 253. 
g. A single genus. 
5. Thamnidium. 
ee. Wall cuticularized and persistent above, thin and diffiuent below. 
III. Pilobolaceae p. 253. 
f. A single genus. 
6. Pilaira. 
dd. Columella absent; zygospore enveloped in a dense covering. 
IV. Mortierellaceae p. 254. 
e. A single genus. 
7. Mortierella. 
cc. Sporangia rarely present, conidia always present. 
d. Conidia solitary; zygospore arising directly from the gametes. 
V. Chaetocladiacea p. 256. 
e. A single genus. 
8. Cunninghamella. 
bb. Conidia single or in chains on conidiophores; sporangia when present 
give rise to zoospores ; oosporous. 
II. Peronosporales. 
c. Vegetative mycelium very narrow. uniform, much branched; spo-
rangiophores not distinct from mycelium; zoosporangia or conidia 
single on the tips of the branchlets, producing zoospores or a ger-
minating tube; oospores globose with a well developed outer wall. 
d. Conidia elongate, globose or lemon-shaped; contents escaping in-
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to a globose vesicle in which the zoospores arise, zoospores 2-
ciliate. 
VI. Pythiaceae p. 257. 
e. A single genus. 
9. Pythium. 
;aa. Filaments septate; conidia borne on conidiophores, sex-cells rarely in 
evidence. · 
b. Spores in a definite number in a sac: as ascospores. 
B. Ascomycetes. 
c. Asci in a perithecium; perithecium dark-colored, either without a 
stroma, partly seated in a loose mass of mycelium, or sessile above 
an imperfect stroma. 
III. Sphaeriales. 
d. Walls of perithecia thin and membranous, asci soon disappearing. 
e. Perithecia always superficial, with mouth surrounded by long, 
branched, hooked or spiral setae. 
VII. Chaetomiaceae p. 261. 
f. A single genus. 
10. Chaetomium. 
ee. Perithecia usually sunken, with only short hairs about the 
mouth. 
VIII. Sordariaceae p. 263. 
f. Stromata absent, spores simple. 
11. Pleurage. 
ff. Stromata absent, spores 4- many celled. 
12. Sporormia. 
-cc. Asci in a perithecium, perithecium bright colored, free or m a 
stroma. 
IV. H ypocreales. 
d. Stromata wanting; or when present with perithecia entirely 
superficial. 
IX. N ectriaceae p. 265. 
e. A single genus. 
13. N eonectria. 
!bb. Spores as conidia on conidiophores, of various form, not in asci. 
· C. Fungi Imperfecti. 
c. Conidia present. 
d. Conidia in globoid, cup-shaped or hysterioid pycnidia. 
V. Sphaeropsidales. 
e. Pycnidia typically membranous to carbonous, dark, brown or 
black. 
f. Pycnidia more or less globose, rarely cylindric. 
X. Sphaerioidaceae p. 265. 
g. Conidia 1-celled, hyaline, globose, ovoid or oblong, often 
curved. 
h. Pycnidia separate, smooth, not rostrate, conidia less than 
15µ in length. 
14. Phoma. 
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gg. Conidia I-celled, dark, globose, ovoid, or oblong. 
h. Pycnidia separate without subicle, smooth, conidia borne· 
on short conidiophores. 
I5. Coniothyrium. 
hh. Pycnidia separate without subicle, hairy or setose. 
I6. Chaetomella. 
dd. Conidia not in pycnidia. 
e. Conidiophores not on a matrix, typically well developed, but 
sometimes short or even lacking. 
VI. M oniliales. 
f. Conidiophores in more or less loose cottony masses. 
g. Conidiophores and conidia clear or bright colored. 
XI. :Jfoniliaceae p. 267. 
h. Conidia hyaline or bright colored, I-celled, globose, ovoid 
or short cylindric. 
Hyalosporae. 
i. Conidiophores very short or obsolete, or little different 
from the conidia. 
Micronemeae. 
j. Conidia in chains. 
Oosporeae. 
k. Conidiophores short, simple or nearly so. 
I 7. Oospora. 
kk. Conidiophores longer, distinctly branched. 
I8. Monilia. 
n. Conidiophores elongate and distinct from the conidia .. 
Macronemeae. 
j. Conidiophores unbranched or only slightly branched,, 
often swollen at the tip. Conidia often in heads. 
Cephalosporieae. 
k. Conidia not in chains, but single. 
1. Conidia without sterigmata. 
m. Conidia not inclosed in mucus. 
n. Conidiophores simple. 
I9. Cephalosporium. 
nn. Conidiophores branched. 
20. Trichoderma. 
kk. Conidia produced in chains. 
Aspergilleae. 
1. Conidophores distinctly swollen at the tip, foot 
cells prominent. 
2I. Aspergillus. 
11. Conidiophores not or only slightly swollen at 
the tip, foot cells not differentiated; tips-
usually verticillately branched. 
m. Conidiophores with tips equally verticillate;: 
spores cask-shaped. 
22. Amblyosporium. 
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mm. Conidiophores with tips unequally verticil-
late. 
n. Conidia not enclosed in mucus. 
o. Conidiophores not branched, except at 
tip. 
23. Penicillfam. 
oo. Conidiophores freely branched. 
24. Spicaria. 
nn. Conidia enclosed in mucus, chains of con-
idia not always distinguishable. 
25. Gliocladium. 
jj. Conidiophores more or less richly branched. 
k. Conidia not formed on special intercalary cells 
but usually terminal. 
1. Branching of the conidiophores very manifold. 
Botrytideae. 
m. Conidia smooth. 
n. Conidiophores decumbent. 
26. Sporotrichum. 
nn. Conidiophores erect. 
o. Conidio borne singly. 
27. Monosporium. 
oo. Conidia in heads. 
28. Botrytis. 
m. Conidia warted. 
29. Sepedonium. 
11. Branching of the conidiophores only in whorls. 
Verticillieae. 
m. Conidia solitary or loosely grouped, not in 
chains. 
n. Conidia-bearing branches very short, flask-
shaped sterigmata. 
30. Pachybasium. 
nn. Conidia-bearing branches longer, cylindri-
cal. 
o. Spores single, easily scattered. 
31. V erticillium. 
oo. Spores enclosed in mucus to form heads. 
32. Acrostalagmus. 
kk. Conidia formed on differentiated intercalary 
cells of the conidiophore. 
Gonatobotrytideae. 
1. Conidiophores of sterile and fertile cells : sterile 
cells bone-shaped, swollen at the ends: fertile 
cells without sterigmata. 
33. N ematogonum. 
hh. Conidia not 1-celled, more or less elongate. 
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1. Conidia 2-celled, ovoid or short fusoid 
Hyalodidymae. 
j. Conidia smooth. 
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k. Conidia single and terminal on sharply differen-
tiated mycelium. 
34. Trichothecium. 
jj. Conidia warty. 
35. M ycogone. 
ii. Conidia more than 2-celled, oblong, fusoid or elongate. 
Hyalophragmiae. 
j. Conidiophores distinct from the conidia. 
Macronemeae. 
k. Conidia ovate cylindric or elongate, often caten-
ate. 
36. Ramularia. 
gg. Hyphae and conidia both typically dark or one or the 
other always dark. 
XII. Dematiaceae p. 313. 
h. Conidia dark, or sometimes hyaline but the hyphae then 
dark, 1-celled, globose to oblong. 
Amerosporae. 
i. Vegetative hyphae long; conidiophores present and 
differentiated from the mycelium. 
Macronemeae. 
j. Conidia dark colored. 
k. Conidia not in chains. 
1. Conidia in terminal heads. 
Periconieae. 
m. Conidiophores simple. 
n. Apex with sterigmata. 
o. Conidia not enveloped in slime. 
37. Stachybotrys. 
oo. Conidia enveloped in slime. 
38. Gliobotrys. 
nn. Apex short branched or simple, not swol-
len. 
39. P'3 n conia. 
m. Conidiophores branched. 
n. Conidiophores forked below the apex; con-
idia oblong. 
40. Syn srorium. 
nn. Conidia inserted irregularly on jar-like 
basidia; conidia globose. 
41. Basisporium. 
11. Conidia single and terminal on unbranched 
conidiophores. 
Monotosporeae. 
232 J.C. GILMAN AND E. V. ABBO'I'l' 
m. Sterile hyphae lacking, conidia black. 
42. Acremoniella. 
k. Conidia in chains. 
1. Conidiophores unbranched, conidial chains 
lateral. 
43. Dematium. 
11. Conidiophores dendroidly branched. 
44. H ormodendrum. 
jj. Conidia hyaline or almost hyaline; conidiophores 
dark colored. 
k. Conidia single, not in chains and heads. 
Chloridieae. 
1. Conidiophores branched only in the center; 
conidia ovoid. 
45. M esobotrys. 
hh. Conidia dark, more than one-celled. 
i. Conidia 2-celled, ovoid or oblong. 
j. Conidiophores very short or little differentiated 
from the conidia. 
Micronemeae. 
Bisporeae. 
k. Conidia borne singly, conidiophores not swollen. 
46. Dicocctim. 
jj. Conidiophores distinct from the mycelium, usually 
erect. 
Macronemeae. 
k. Conidia, smooth walled, not in heads. 
Cla dosporieae. 
1. Conidia usually not in chains, terminal and 
lateral, conidiophores much branched. 
47. Cladosporium. 
11. Conidia borne terminally on thread-like sterig-
mata. 
48. Scolecobasidiurn. 
kk. Conidia more than 2-celled; ovoid, cylindric or 
vermicular. 
1. Conidia with cross walls only; not muriform. 
Phragmosporeae. 
m. Conidia formed singly, either terminal or 
lateral. 
Helminthosporieae. 
n. Conidia smooth, straight, elongate; conidio-
phores rigid. 
49. H elminthosporium. 
mm. Conidia :formed in terminal heads of lateral 
whorls. 
Acrothecieae. 
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n. Conidia formed in lateral whorls. 
50. Spondylocladium. 
nn. Conidia £ormed in terminal heads. 
51. Acrothecium. 
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11. Conidia muri£ormly divided; globose to· oblong. 
Dictyosporae. 
m. Conidiophores distinct from the mycelium. 
Macronemeae. 
n. Conidia 0£ one sort, occurring singly. 
o. Conidia, cruciately divided, warted. 
52. Tetracoccosporium. 
oo. Conidia muriform, usually smooth. 
p. Conidiophores decumbent. 
53. Stemphylium. 
pp. Conidiophores erect or ascending, con-
idia ovoid to oblong. 
54. Macrosporium. 
nn. Conidia in chains, caudate; conidiophores 
erect. 
55. Alternaria. 
1-£. Hyphae compactly united to form a globose to cylindric body 
which is o£ten stalked. 
g. Hyphal body cylindric to capitate, stalked, i.e., a synnerna. 
XIII. Stilbaceae p. 326. 
h. Hyphae and conidia dark colored. 
Phaeostilbeae. 
i. Conidia 1-celled globose, or ovoid. 
j. Conidia in chains, borne on a brush-like coremium. 
56. Stysanus. 
jj. Conidia not in chains, borne on single side-br!>tnches. 
57. Tilachlidium. 
gg. Hyphal body more or less globose, sessile, i.e. a sporodo-
chium. 
XIV. Tuberculariaceae p. 327. 
h. Hyphae and conidia hyaline or pale colored. 
M ucedineae. 
i. Conidia 1-celled; globose or ovoid. 
j. Sporodochium without hairs or bristles; conidio-
phores not on a plectenchymatic hypotheciurn. 
58. H ymenula. 
jj. Sporodochiurn covered with hairs or bristles; con-
idiophores forming a covered hymenium, hymeni-
um not stromate. 
59. Volutella. 
ii. Conidia more than 2-celled. 
Phragrnosporeae. 
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j. Conidia :fusiform curved; sporodochium waxy or 
cottony. 
60. Fusarium. 
hh. Hyphae and conidia dark colored. 
Dematieae. 
i. Conidia 1-celled. 
j. Sporodochium surrounded with hyaline hairs or 
bristles. 
61. M yrothecium. 
cc. Conidia Jacking. 
VII. Mycelia sterilia p. 339. 
d. Sclerotia present. 
e. Sclerotia tubercle-like. 
62. Rhizoctonia. 
A. PHYCOMYCETES 
I. Mucorales 
The classification o:f the Mucorales is largely that used by Lendner (27) 
except that the genus Zygorhynchus is recognized. Lendner's keys have 
been used as a basis for the construction o:f a key to the soil forms. 
I. MUCORACEAE 
1. Absidia van Tieghem 1876 (27) 
Mycelium formed as in the genus 
Rhizopus by :frequently branched stolons, 
more or less incurved into archs and pro-
ducing at the point of contact with the 
substratum more or less richly branched 
rhizoids. Sporangiophores straight, rare-
ly single, more often in groups of 2-5, 
occurring at the curve of the stolon (in-
ternodal) and not at the point of origin 
of the rhizoid (nodes). At times there 
occur erect stolons or branches which 
bear lateral sporangi:ferous branches 
which may be confused with the pri-
mary sporangiophores. Sporangia ap-
parently equal, piriform, erect, furnished 
b 
nished with an infundibuliform apophy- ra:f~p~·ore~b~'.:!!;res~-hd-~~~:;1;~~.: c'A~:; 
sis. Membrane of the sporangium not Lendner). 
cuticularized nor incrusted; diffluent, 
leaving a short basal coJlarette. Columella hemispheric, conic or mammi-
form, more rarely spinescent or terminated by a single long prolongation. 
It effaces itself in the apophysis. It is cuticularized and its color is more 
pronounced than that of the sporangiophore. A cross-wall is placed at a 
definite distance below the sporangium. Spores, small, 5-6µ, round or oval 
(not angular) with a smooth wall, rarely echinulate, colorless or bluish-
black. Zygospores formed on the stolons. They are surrounded by circinate 
filaments, cutinized, which are borne in a whorl from one or both of the 
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suspensors. Gametes straight. On germination the zygospores produce 
either mycelial filaments or sporangiophores. Apparently closely related 
to the genus Rhizopus, differing from that genus by the fact that the sporan-
giophores occur on the internodes, by the piriform sporangia, by the con-
tinuance of the columella into the apophyses and the suspensors having 
circinate filaments. 
KEY TO THE SPECIES OF THE GENUS ABSIDIA 
a. Spores elongate cylindric; appendages on only one of the suspensors. 
1. A. spinosa. 
aa. Spores oval or globose; appendages, where known, on both suspensors. 
b. Columella furnished with a single terminal prolongation. 
c. Prolongation of columella short, pointed; columella globose, mam-
miform. 
2. A. glauca. 
cc. Prolongation longer, rounded at tip, columella turbinate. 
d. Spores globose 2.5-3.5µ in diameter. 
3. A. orchidis. 
dd. Spores globose, larger 4-7µ. 
4. A. coerulea. 
bb. Columella smooth or rarely faintly spinescent. 
c. Spores generally globose, rarely oval, 3-4µ in diam. Columella 
generally spinescent. 
cc. Spores irregular; columella smooth. 
•i. Absidia spinosa Lendner (~7) 
Syn. A. cylindrospora Hagem 
5. A. lichtheimii. 
6. A. subpoculata. 
Turf very close, the filaments interlacing into a greyish cottony mat, 
about 2112 cm. above the substratum. Stolons little curved, arched, carry-
ing the sporangia in groups of 2 or 3. Sporangia pear-shaped, bluish, 34µ 
long, from the apophysis to the end of the sporangium, by 28µ wide. Colu-
mellae 20µ wide, swollen, ending in a blunt or rounded spine, reaching 1/3 
the length of the columellae. Septa present, 25µ below the apophyses sep-
arating the sporangia from the sporangiophores. Spores hyaline, oval or 
short rods, sometimes very slightly constricted in the middle, 2µ in diameter 
by 4-5µ long. Zygospores spherical or doliform, verrucose, formed by the 
fusion of two unequal gametes on a forked hyphae. The larger suspensor 
furnished with circinate appendages. 
From soil: Norway (22), Switzerland (27) 
United States: Hawaii (53), Idaho (36) 
•2. Absidia gl~uca Hagem (27) 
Culture on wort gelatin grey-green when young (10 days) then be-
coming clear yellow brown. The stolons present the same kind of branching 
• Species marked (*) not studied by the writers. 
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as Absidia orchidis. The fertile branches are either isolated, or in groups 
of two, three or four. Sporangia piriform, measuring 40-50µ in diameter 
by 44-60µ in length. A septum dividing the pedicel from the sporangium 
is formed a distance equal to half the length of the entire apophysis. Wall 
encrusted with granules, is diffluent and leaves a very straight collarette. 
Columella rounded, mammiform, furnished with a very short button; it 
measures at least 30µ in diameter by 38µ in length. Spores, round, 3-3.5µ, 
colorless. Heterothallic. 
From soil: England (16), Norway (22), Switzerland (27) . 
United States: Idaho (36) 
•3. Absidia orchidis (Vuillemin) Hagem (27) 
Primary axes 0.6 to 10 mm. long, straight or more or less changed 
into irregular stolons, at times rajsed and indefinitely elongate; at times 
curved toward the substratum to which their end is attached by a tuft of 
rhizoids; at times erect and ended by a sporangium. These stolons are 
branched sympodially and bear sterile or fertile branches, the latter occur-
ring singly or in groups of 2 or 3. Sporangiophores simple or bearing at 
some distance from the tips an oblique branch, shorter than the tip of the 
principal pedicel. This letter branch also ends in a like sporangium. Sep-
ta divide the pedicels at a distance from the infundibuliform apophyses 
a little greater than the height of the apophyses themselves. 
Sporangia ovoid, 40µ in height by 32µ in diameter (in the case of the 
large sporangia). Wall incrusted with fine granules, imperfectly diffluent, 
leaving a straight, rigid, collarette. Columellae conic, rounded, longer than 
broad, surmounted usually by a knob; attenuated or constricted at the 
base and remaining upright when after dehiscence the columella becomes 
free. Spores slightly brownish, perfectly spherical, varying from 2.5µ to 
3.5µ in, diam. Heterothallic. 
From soil: England (16), Norway (22) 
United States: New Jersey (52) (53) 
•4. Absidia coerulea Bainier (27) 
Filaments of the thallus bluish-violet, continuous, unequally branched, 
at times knotted. Sporangiophores single, borne directly on the thallus, 
attaining 25 mm. in length, ended by an infundibuliform apophyses. Sep-
ta 12-24µ from the tip. Sporangia uniform, globular, 36-42µ, changing 
from pale violet to grey, then to brown. Membrane of the sporangium 
smooth, diffluent, leaving a collarette. Columellae hemispheric or obconic, 
often ending in a papilla. Spores numerous, small, smooth, pale violet, 
globose, 4-7µ. Zygospores 60µ, brown, globose, rugose-verrucose. Suspen-
sors straight, enlarging into barrel-shape, furnished with 10-20 circinate 
appendages, long and thin (7µ in diameter), arranged in a single verticil. 
Azygospores similar. Chlamydospores smooth intercalary. 
From soil: Holland (32) 
•5. Absidia lichtheimii (Lucet and Constantin) Lendner (27) 
Sporangiophores prostrate, branched in corymbs, forming a white felt, 
woolly. They terminate the corymbiform branching by carrying the spo-
rangia on longer or shorter pedicels. A little below the terminal corymb 
frequently there occur groups of branches carrying smaller sporangia. 
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Sporangia erect, hyaline, pear-shaped, with an infundibuliform apophysis, 
becoming attenuate gradually to the sporangiophore. Average diam. 45-60µ, 
the greatest 70µ, the least 10-20µ. Wall of sporangium colorless, trans-
parent, smooth, diffluent, leaving a basal collarette. Columellae large, 
hemispheric or globular, 10-20µ, smooth (or furnished with short spines) 
smoky grey or brown. The apophysis and pedicel also similarly colored. 
Spores spheric, subspheric or more rarely oval, colorless, small, usually 
2µ in diam. by 3µ long (sometimes larger, 4-6.5µ). Zygospores not known. 
From soil: Switzerland (27) 
United States: Maine (52) (53), New Jersey (52) (53) 
5. Absidia subpoculata Paine (33) 
Colonies white floccose, aerial hyphae growing to a height of 1.5 to 
2 cm. floccose. Stolons branched with sporangiophores occurring in groups 
of 1-5. Sporangiophores branched, 100-300 long by 4µ in diam. with a 
septum 10-12µ below the tip. Sporangia globose 22-24µ in diam. with a 
smooth diffluent wall, leaving a slight collarette. Columellae oval, slightly 
constricted at the apophyses; without apophyses 4-7 x 8-9µ, with apophyses 
10-20 x 7.5-15µ. Apophyses rounded below into a distinct pouch. Spores 
oval to spherical to allantoid, 2-2.5 x 3-4µ. Chlamydospores quite numer-
<ms, spherical, 4-5µ in diameter. 
From soil: United States: Iowa (33), Louisiana 
2. Rhizopus Ehrenberg 1820 (27) 
:Mycelium of two kinds, one sub-
merged in the substratum and the other 
aerial, constituting the arching filaments 
or stolons. These stolons present from 
place to place the nodes on which occur 
the rhizoids, which are implanted in the 
substratum. At these points the spo-
rangiophores arise. They may be single 
but usually occur in groups of 2, 3 or 
more. The summit of the sporangio-
phore is enlarged into an apophysis, of 
the kind that has the columella inserted 
above the point where the spherical bend 
attaches into the filament. The sporan-
gia, white at first, become bluish-black 
at maturity. They are all the same size, 
spherical or almost spherical, flattened 
at the base. Wall not cuticularized, uni-
b 
~ 
Fig. 2. Rhlzopa1. a-habit sketch ; b-spo-
rangiophore ; c-spores ; d-zygos1>0re. 
formly incrusted and entirely diffluent, without leaving a basal collarette. 
Columella broadly subjacent, hemispherical, forming after dehiscence, by 
collapse, an organ of the shape of the pileus of a basidiomycete. Spores 
round or oval, angular, colorless or colored bluish or brown, with a cuticu-
larized wall, smooth or striate, rarely spinulose. Zygospores naked, formed 
in the substratum and on the stolons. Suspensors straight, very large and 
swollen, without appendages. 
238 J. C. GILMAN AND E. V. ABBOTT 
KEY TO THE SPECIES OF THE GENUS RHIZOPUS 
a. Rhizoids well developed. 
1. R. nigricans 
aa. Rhizoids little developed or lacking. 
b. Rhizoids rare, pale, short; sporangiophores without swellings. 
2. R. arrhizus 
bb. Rhizoids rare; sporangiophores and stolons branched and swollen in 
places. 
3. R. nodosus 
1. Rhizopus nigricans Ehrenberg (27) 
Stolons creeping, recurving to the substrate in the form of arachnoid 
hyphae, which are strongly raised and distant from the subtrate and im-
planted at each node by means of rhizoids. The internodes often attain 
a length of 1-3 cm. and the hyphae are more or less branched. Sporangio-
phores rarely single, united in groups of 3-5 or more, 0.5:4 mm. in height 
by 24-42µ in diam. Apophyses broad, cuneiform. Sporangia hemispheric 
100-350µ. p Columellae broad, hemispheric, depressed, 70µ in diam. by 90µ 
in heigh'.t (max. 250 x 320µ). Spores unequal, irregular round or oval, 
angular, striate, 9-i2µ long by 7.5-8µ in diam., of a grey blue. Zygospores 
round, or oval, 160-220µ in diam. Exospore brown black, verrucose. Sus-
pensors swollen, usua~ly unequal. Azygospores present. No chlamydos-
pores. 
From soil: Germany (5), Japan (45), Norway (22) 
United States: California (53), Hawaii (53), Idaho (36), Iowa (1) 
( 3) ( 53), Louisiana (2) ( 53), New Jersey (28) ( 52) ( 53), New York (26) 
North Dakota (53), Oregon (52) (53), Rhode Island (38), Texas (56) 
•2. Rhizopus arrhizus Fischer (27) 
Differs from R. nigricans by its less exuberance. The felt is clearer 
and it does not extend so far into the substrate. Stolons are little developed 
and do not form nodes regularly. Rhizoids pale, develop at the nodes and 
carry sporangia, or are sometimes formed indeterminately. Sporangiophores 
often prostrate, rarely single, forming umbels or corymbs on their stolons. 
They measure 0.5-2 mm. in length. All the branches end in sporangia, of 
greater or less size. Sporangia spherical 120-250µ in diam. Columellae 
spherical, flattened on the apophyses, 40-75µ high x 60-100µ in width, mem-
brane brown, smooth. Spores round or oval, or presenting obtuse angles, 
greyish brown; walls striated longitudinally, 4.8-7µ x 4.8-5.6µ. 
From soil: England (16), Hungary (30) 
3. Rhizopus nodosus Namyslowski (27) 
The mycelium is cottony, white when young, then tinted ochre yellow. 
In the midst of the mycelium and on the stolons, branches ending in spo-
rangia occur. These branches 1-2 mm. in height by 12-28µ in diam. have 
thick, smooth walls, colorless at first, then becoming pale ochre or brown. 
They are simple or branched, the branches ending in sporangia. The 
branches may be swollen at any point. When these swellings are terminal 
they give rise to a group of 3-5 sporangiophores, each terminating in a 
sporangium. Sporangiophores 1-2 mm. high, the sporangia are globose 
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100-200µ in diam. The spores 6-9µ long by 4-6µ in diam. striated longitu-
dinally. They may give rise to chlamydospores 16-32µ in diameter. Zygo-
spores 120-140µ occur. They are round, oval or without definite shape. The 
suspensors are equal or different in size and shape. 
From soil: Norway (22), Switzerland (27) 
United States: New Jersey (52) (53), Oregon (53) 
3. Mucor Micheli 1729 (27) 
Mycelium widespread in and on the 
substratum, but without roots or especial 
membered stolons ; richly branched, 
with branches always thinner until at 
last hair-fine; straight or lmotted, at 
first one-celled, in age with irregular 
cross-walls, with colorless, infrequently 
orange-red content; smooth, colorless 
membrane. Sporangiophores springing 
singly from the mycelium but usually 
forming a thick turf, erect, either un-
branched with terminal sporangia or 
branched with like sporangia on all the 
branch ends; branching in part mono-
podial, clustered or irregularly panicled 
or umbelliferous ; in part cymose and 
more or less sympodial, curved, with 
sporangia also at the tip of the sympo-
dium, never forked. Sporangia erect, 
a' 
c 
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Fig. 3. Mucor. al-Racemo-mucor: a2-
Mono-mucor ; a3 .. Cymo-mucor ; b-sporangi .. 
ophore ; c-spores ; d .. zygospore ; e-chlamy-
dosPOres. 
at times in sympodial sporangiophores, a few weakly bent, usually all alike, 
only of different size ; many spored, spherical, opening on the sporangio-
phore, only a few in sympodial forms, abscissing while still closed; of vari-
ous colors. Sporangial wall not cuticularized, incrusted more or less strong-
ly with needles of calcium oxalate, dissolving quickly in water, leaving a 
collarette, or breaking and then at times persistent. Columellae always 
present, of various shape, colorless or colored. Spores spherical or ellipsoid 
with thin smooth membrane, colorless or colored. Zygospores on the myce-
lium, not on special branches, naked; suspensors without outgrowths ; 
gametes straight. Mycelial conidia (stylospores) unknown. Gemmae 
( chlamydospores) terminal and intercalary, variously formed, colorless, 
smooth, not in all species. 
KEY TO THE SPECIES OF THE GENUS MUCOR 
a. Sporangiophores not branched. 
A. Mono-Mucor. 
aa. Sporangiophores branched. 
b. Branches rare or more numerous and then indefinite, in clusters or 
corymbs. 
B. Racemo-Mucor. 
bb. Branches definite, in sympodia. 
C. Cymo-Mucor. 
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A. Mono-Mucor 
a. Sporangiophores collapsing early to form a woody felt, reddish in color. 
1. M. ruf escens. 
aa. Sporangiophores remaining erect to form a turf. 
b. Sporangiophores less than 300µ high. 
c. Sporangiophores 5-6µ in diam., sporangia small about 20µ in diam. 
2. M. ramannianus. 
cc. Sporangiophores 2-2.5µ in diam., sporangia larger, usually up to 
30µ in diam. 
3. M. mirus. 
bb. Sporangiophores more than 300µ high. 
c. Sporangiophores not more than 2 cm. high. 
4. M. adventitius. 
cc. Sporangiophores more than 2 cm. high. 
d. Sporangiophores more than 2-3 cm. high. Sporangia 80µ in 
diam. 
e. Membrane of sporangium non-diffluent. 
5. M. microsporus. 
ee. Membrane of sporangium diffluent. 
6. M. hiemalis. 
dd. Sporangiophores more than 3 cm. high. Sporangia 250-350µ 
in diam. · 
7. M. mucedo. 
B. Racemo-Mucor 
a. Secondary branches whorled, these latter carrying whorls of branches 
in their turn. 
8. M. glomerula. 
aa. Branching plainly in clusters or corymbs. 
b. Spores very unequal (a mixture of numerous small spores beside 
others more than twice as large) . 
c. Sporangiophores usually 3-4 mm. long; sporangia up to 70µ in 
diam. 
9. M. sylvaticus. 
cc. Sporangiophores usually 1 cm. long ; sporangia up to 54µ in diam. 
10. M. lausannensis. 
bb. Spores apparently equal. 
c. Wall of sporangium not diffluent but breaking into pieces. 
d. Sporangia very variable, columellae usually globose. 
11. M. racemosus. 
dd. Sporangia of uniform size, columellae elongate. 
cc. Wall of sporangium diffluent. 
d. Sporangiophores very high, 6-8 cm. 
dd. Sporangiophores not over 3 cm. high. 
e. Sporangiophores thin, 5-8µ in diam. 
f. Spores large, 11-13µ in diam. 
12. M. christianiensis. 
13. M. flavus. 
14. M. dispersus. 
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ff. Spores small, 3-6µ in diam. 
15. M. echinulatus. 
ee. Sporangiophores thicker, 8-25µ in diam. 
f. Spores elongate, planoconvex, 9-10 x 3-4~t. 
££. Spores elliptic or oval, 4-6 x 3-4µ. 
g. Tur£ yellow to buff. 
gg. Tur£ smoky gray. 
C. Cymo-Mucor 
16. M. genevensis. 
17. M. varians. 
18. M. abundans. 
a. Sporangiophores not erect, forming a cobwebby network. 
19. M. botryoides. 
aa. Sporangiophores erect, some or all 0£ them. 
b. Sporangiophores 0£ two kinds, one erect and carrying normal spo-
rangia, the other prostrate, usually richly branched sympodially. 
20. M. saturninus. 
bb. Sporangiophores 0£ a single kind. 
c. Sporangiophores circinate. 
d. Sporangiophores not more than 1 cm. long, spores oval, 6µ in 
maximum length. 
e. Wall 0£ sporanfium brown, spores usually subsessile, 3-4µ x 
5-6µ (Compare M. sylvaticus). • 
21. M. circinelloides. 
ee. Wall of sporangium blue-black, sporangia supported by long 
pedicels. 
f. Sporangia '60-80µ in diam., spores 4-6 x 4µ. 
22. M. g1·iseocyanus. 
ff. Sporangia 50-60µ in diam., spores 5-7 x 3.5-5µ. 
23. M. corticolus. 
dd. Sporangiophores from 1 to 3 cm. long ; spores round, 10µ or 
more in diam. -
24. M. lamprosporus. 
-cc. Sporangiophores straight, not circinate. 
d. Spores round, apparently alike. 
e. Growth on wort gelatin, poor, tur£ on bread short, 2-3 mm. 
25. M. jansseni. 
ee. Growth on wort gelatin, good; turf 1-3 cm. 
f. Columellae spinescent. 
g. Sporangiophores less than 2 mm. high; spores smooth. 
26. M. spinescens. 
gg. Sporangiophores 1 cm. high, spores slightly echinulate. 
27. M. plumbeus. 
f£. Columellae smooth. 
g. Sporangioles present. 
h. Sporangia 70-110µ in diam., sporangioles not evanes-
cent. 
28. M. sphaerosporus . 
.. 
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hh. Sporangia not exceeding 80-90µ ; sporangioles evanes-
cent ; circinate. 
24. M. lamprosporus. 
g. Sporangioles not present. 
29. M. dimorphosporus. 
d. Spores oval. 
e. Spores elongate, echinulate. 
30. M. ambiguus. 
ee. Spores sub-spheric with smooth membrane. 
f. Sporangia 50-350µ in diam., columellae globose. 
31. M. geophilus. 
ff. Sporangia 90-174µ in diam., columellae ovoid. 
32. M. strictus. 
•1. Mucor rufescens Fischer (27) 
Sporangiophores not branched, flaccid collapsing to form a cottony felt 
with a reddish color, 2.5 cm. long by 15 to 25µ in diameter. They are often 
irregularly divided by septa which separate the collapsed portion from 
the turgid filaments; wall colorless, contents being furnished with orange-
red colored drops; sporangia large, 120 to 150µ in diameter, pale yellow 
hyaline, walls of sporangium slowly diffluent, slightly incrusted, colorless, 
hyaline. Columella free, globose or elliptical, spherical or sub-spherical, 
45 to 65µ in diameter, with a smooth, colorless wall. Contents dense, in-
tensively colored golden yellow, which is seen through the sporangium wall 
and gives it its colored appearance. Spores plano-convex, with obtuse tips, 
and twice as long as broad, 4µ broad up to 10µ long, but may be 8µ in 
breadth to 21µ in length, colorless, smooth. Zygospores and chlamydospores 
unknown. 
From soil: England (15) (16) 
2. Mucor ramannianus A. Moeller (27) 
Turf, short, velvety, of a carmine red brown. The edge of colony 
white, becoming grey with age. Sporangiophores unbranched, less than 
200µ long by 5-6µ in diam. Sporangia very small, usually 20µ in diam. 
(max. 40µ), spherical, flesh-rose to copper-red. Wall, unequally diffluent, 
smooth. Spores globose, rarely oval, 2-3µ in diam., colorless (the coloration 
of the sporangia is probably due to some interstitial substance). Columella 
spherical, of variable size, 8-10µ in diam. Chlamydospores numerous, 10-
12µ in diam., globose or ovoid. Giant-cells are often present. Mycelium 
and sporangiophores are rather frequently septate. 
From soil: England (15), Norway (22) 
United States: Iowa (33), Maine (53), Michigan (35) 
3. Mucor mfrus Paine (33) 
Colonies fl.at, except they are usually papillate in the center, zonate, 
quite spreading, velvety, ashy gray scarcely any elevation. Sporangiophores 
unbranched, arising in the margin of the colony in large numbers but not 
numerous inside the margins, rather delicate and slender, 125 to 300µ long 
and 2 to 2.5µ thick. Sporangia smoky, spherical, 10 to 30µ in diam. and 
appear slightly rough; the sporangial wall is diffluent, leaving no collar. 
Columella spherical, 5 to 12µ in diam. Spores quite small, 2.5 to 3.5µ in 
diam., often oval and slightly pointed at the ends. Chlamydospores are 
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exceedingly numerous, and appear as large globular swellings in the sub-
terranean hyphae 20 to 35µ in diam. and appear to contain 2 to 8 angular 
spore-like bodies varying from 4 to 12µ across, rather angular in shape. 
From soil: United States: Iowa (33) 
•4. Mttcor adventitius Oudemans (27) 
Sporangiophores simple, continuous, hyaline, forming a turf 20 mm. 
high. Sporangia globose, 80 to 95µ in diam. at first hyaline, later light 
gray, finely echinulate, with a diffluent membrane. Columellae at first 
globose, later elliptic or companulate, hyaline with colorless content, 40-48µ 
by 48-64µ and furnished with a basal collarette. Spores elliptic or nearly 
oblong 8-8.5 x 4.5-5µ smooth, hyaline greyish when in mass. Zygospores 
' and chlamydospores unknown. 
From soil : Holland ( 32), Japan ( 45) 
•5. Mucor microsporus Namyslowski (27) 
Colonies whitish, with age becoming yellowish especially when grown 
on pears ; mycelium cottony; sporangiophores unbranched, up to 2 cm. 
high, 12-20µ thick, below the columella strongly attenuated; sporangia 
brownish, 30-80µ in diameter, mostly 60µ; membrane of young sporangia 
not diffluent; with age, however, it dissolves; columellae spherical, some-
what higher than broad, beneath weakly attenuated, always with fl.at base 
and short collar; smooth, 20-70µ broad, often filled with brick-red contents; 
spores regularly ellipsoidal, hyaline, smooth, 2-3µ long, 1.5µ broad, (max. 
4µ long), in mass when young ashen-gray, with age bluish. 
From soil: Austria (30) 
United States: Maine (53), New Jersey (52) (53) 
6. Mucor hiemalis Wehmer (27) 
Sporangiophores usually unbranched, erect, then prostrate by wilting. 
Turf about 1 cm. high ( 0.5-2 cm.) close and fine, cottony white, rarely 
greyish yellow. Sporangia spherical grey or brownish yellow, visible to 
the naked eye, 52µ in diam. Wall diffluent in young condition, leaving a 
collarette. Columella free, spherical or oval, colorless, 28-48µ (spherical) 
or 25 x 21µ to 36 x 29µ. Spores usually unequal, the majority elongate, 
ellipsoid or kidney shaped, 7 x 3.2µ (limits 3-8.4 x 2-5.6µ) smooth, hyaline, 
with thin membrane. Mycelium comes to resemble that of M. rouxianus 
by the accumulation of oil drops. 
From soil: Austria (30), Norway (22), Switzerland (27) 
United States: Iowa (33), Maine (53), New Jersey (52) (53) , New 
York (26) 
•1. Mucor mucedo (Linne) Brefeld (27) 
Sporangiophores erect, forming a very raised turf up to 15 cm. in 
height, silvery grey, shining, not branched, 2-15 cm. high by 30-40µ in diam., 
without cross walls; wall colorless, smooth; content colorless, tardily yellow. 
(Very rarely branched with very small sporangia). Sporangia large, 100-
200µ in diam.; at first yellow, then deep grey or brownish black. Mem-
brane of sporangium very diffluent, leaving a collarette; it is encrusted 
with needle-shaped crystals of calcium oxalate. Columellae free, cylindric 
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-or campanulate or spherical, 70-140µ long by 50-80µ wide, with colorless 
wall and red orange content. Spores elliptic or sub-cylindric, twice as 
"long as broad, of very various sizes in the same sporangium, 6-12µ long by 
:"3-6µ wide (limits 16.8µ long) with a smooth hyaline wall, content tardily 
_yellow or colorless. Zygospores spherical 90-250µ in diam. Exospore black; 
thickly, and very strikingly verrucose ; hard and fragile. Endospore color-
"less with less striking warts, enclosed in the former. On germination the 
zygospores give rise to sporangia on an unbranched sporangiophore. Chla-
:mydospores not known. 
From soil: Austria (30), Germany (5), Norway (22) 
United States: New York (26) 
:s. Mucor glomerula (Bainier) Lendner (27) 
Sporangiophores erect, very branched. Each erect branch terminated 
"by a very large sporangium, below which occur a whorl of 3-8 secondary 
filaments, each terminated by a sporangium. These 3 to 8 filaments give 
rise in their turn to a whorl of 3-5 sporangiferous filaments. The aerial 
·mycelial filaments usually end in branches carrying nearly sessile sporan-
-gioles. Sporangia spherical, hyaline, becoming sienna color when old. Wall 
Toughened by crystals of calcium oxalate, diffluent leaving a collarette. 
'Columellae variable in shape, hemispheric, cylindro-conic, ovoid, sometimes 
restricted, inserted at the rather suddenly expanded end of the sporangio-
-phore. Spores round and smooth. Aerial chlamydospores round, with 
thick wall, yellow and spiny. Content oleaginous. Mycelial chlamydospores 
:seemingly submerged but very numerous. Zygospores unknown. 
From soil: England (16) 
United States: Alaska (53), Iowa (1) (3), New Jersey (52) (53) 
·•9. Mucor sylvaticus Hagem (27) 
Turf white or grey formed of thin slightly dense filaments, extending 
over the surface. Sporangiophores rarely straight, but mostly irregularly 
'incurved, branching near the tip with one or two lateral branches. They 
·reach 1 cm. in height by 10µ in width. Sporangia small, globose not more 
than 70µ (average 44µ). Wall diffluent leaving a basal collarette. Spores 
·of very variable size, oval or sub-globose 4 x 2µ-5 x 3µ (max. 8 x 6µ). Colu-
mellae globose or oval, 30 x 22µ-20 x 25µ in diam. At the point of contact 
with the substrate the chlamydospores are numerous. They are ovoid 
·16-24µ in diam. The erect filaments frequently have large swellings which 
·become isolated and form round cells measuring 40-60µ in diam., rarely 
1onger. • 
From soil: Norway (22), Switzerland (27) 
United States: Louisiana (53), New Jersey (52) (53) 
·•10. Mucor lausannensis Lendner (27) 
Sporangiophores erect, little branched, bearing laterally one or two 
groups of branches. These sporangiophores form a fine compact turf, 
yellowish, 1/2 to 1 centimeter high (10-14µ in diam.). Sporangia 40-54µ 
in diam., often flattened at the base. The wall is not diffluent but fragile 
as in M. racemosus, leaving an irregular basal collarette. Columellae oval 
·-Or spherical, 30-40µ in diam. by 50µ long. Spores oval, of very different 
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sizes, the smallest 4 x 2µ, the largest 12µ long by 6µ wide. The average~ 
size is 8 x 6µ. They are hyaline, then pale, slowly turning yellowish in 
mass. Chlamydospores, rather rare, may be formed on either the mycelium. 
or the sporangiophore. They measure on the average 16 x 14µ, are smooth. 
and granular in content. Zygospores not known. 
From soil : England ( 16) 
11. Mucor racemosus Fresenius (27) 
Sporangiophores erect, close, forming a yellow brown turf of very-
variable height, 5-40 mm. high by 8-20µ wide, branched irregularly in 
groups. All the branches terminated by sporangia which are very unequal.. 
Sporangia small, globose, unequal 20-70µ in diam., erect, or at times in-
curved, pale yellow, then wax-yellow or yellow brown, hyaline. Wall of' 
sporangium not diffluent, but fragile, persistent, encrusted, leaving a 
collarette. Columellae free, globose, ovoid or broadly cuneiform, campanu--
late 17-60µ long by 7-30µ at the base and 9-42µ in greatest diam. Spores. 
rarely globose, more often elliptic, 5-8µ by 6-10µ, smooth, yellow in mass .. 
Zygospores globose; 70-85µ, brown, with conic warts yellow or red-brown,, 
suspensors straighter than the zygospore and not swollen. Azygospores,. 
chlamydospores always very numerous, the latter formed either on the: 
mycelium or on the sporangiophores and even on the columellae; they are~ 
colorless, or yellow, with a smooth membrane, of diverse shapes, 20µ in_ 
diam. or 11-20µ in diam. by 20-30µ in length. Budding cells formed in. 
liquid sugars. The mycelium breaks up into oidia. 
From soil: Canada (53), England (16), Germany (5), Japan (45),. 
Norway (22), Switzerland (27) 
United States: Alaska (53), California (53), Colorado (53), Hawaiii. 
(53), Iowa, (3), Mall}.e (53), New Jersey (28) (52) (53), New York (26) ,, 
Oregon (52) (53), Texas (53) (56). 
•12. Mucor christianiensis Hagem (24) 
Colonies at first forming thick, superficial, grey mycelial mat, then a . 
sparse formation of sporangiophores. Sporangiophores usually scattered, 
seldom forming a loose turf, 1.5-2.5 cm. high, exceptionally thin, 6-10µ:. 
thick, and quickly collapsing, unbranched when young; monopodially-
branched later with small, short circinate branches, with numerous chlamy-
dospores on the sporangiophore, at first cylindric, later barrel-shaped or· 
usually globose, a rather regular distance apart, 50-200µ, quickly freed 
when mature. Sporangia small, usually 40-60µ in diam., bright yellow 
when ripe with fragile wall, leaving only a small fragment at the base of· 
the columellae. Columellae oval or usually elongate, always longer than 
wide, 30-45µ high and 25-30µ wide. Spores broad, oval, or some almost:. 
spherical, 6-9µ x 5-7µ. Zygospores unknown. 
From soil: Norway (24) 
•13. Mucor flavus Bainier (27) 
Sporangiophores 8 cm. high by 22-24µ wide, little or not branched, at 
first colorless, then ochre yellow. Sporangia globose, grey, bluish, then, 
white with a blue tint, 140-160µ in diam. Wall diffluent, encrusted, leav-
ing a collarette. Spores oval, very variable in size 9.4-12µ by 4.2µ, some-
times cylindric or reniform, enclosed in an interstitial mucilaginous sub--
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stance, very fluid, giving the sporangium a translucent blue appearance. 
Columellae at first globose, then slightly oval, (Lendner reports them rather 
pear-shaped, with a flattened base, 110µ x 90µ). In liquid sugar media, 
budding cells as in yeast occur. Zygospores formed as in M. racemosus. 
Wall formed of numerous plates brown and deeper at the center of the 
zygospore, develops echinulations like those of M. mucedo rather tardily, 
150µ in diam. , 
From soil: Norway (22), Switzerland (27) 
United States: Maine (53), New Jersey (52) (53) 
•14. Mucor dispersus Hagem (24) 
Sporangiophores small or slightly thickened turf of various heights. 
The larger (primary) 2-3 cm. high are widely scattered, very delicate, 5-7µ 
in diam., waving here and there, usually soon collapsing, branched in mono-
podial clusters, with short bent, circinate, often secondarily branched 
branchlets; the primary as well as secondary branches terminate in sporan-
gia. The smaller (secondary) sporangiophores, 1-2 mm. high, usually 
circinate, with small sporangia. Sporangia on primary sporangiophores 
small, about 50µ, with diffluent wall and smaller, usually truncate or broad-
ly globose, seldom oval 17-19µ high by 18-21µ broad columellae, with small 
collarettes. Sporangia of the side branches as well as those of the secondary 
sporangiophores of various size, 15-45µ, with spiny not diffluent wall and 
translucent spore mass, frequently very small with only 2-4 spores but also 
larger 30-45µ with numerous spores. Spores of tolerably different size, 
11-13µ, usually round or slightly elongate, some even rounded-angular. 
Zygospores unknown. 
From soil: Norway (24) 
15. Mucor echinulatus Paine (33) 
Colonies somewhat spreading soon developing a grayish-white powdery 
appearance, elevation of the aerial hyphae never exceeding 2 mm. in height; 
creeping, quite fragile turf. Sporangiophores monopodially branched, 150-
400µ in length by 5.5 to 8µ thick, much vacuolated. Sporangia spherical 
40-50µ in diam., minutely echinulate, the spines being about 2µ long, wall 
diffluent, leaving no collar. Columellae spherical, quite variable in size, 
15-25µ in diam. Spores ellipsoidal 3 to 3.5µ by 4.5 to 5.5µ, hyaline. Chlamy-
dospores quite numerous in old cultures, cylindrical in form, quite variable 
in length. 
From soil: United States: Iowa (33) 
•16. Mucor genevensis Lendner (27) 
Turf close white 2 cm. high. Sporangiophores 2 cm. long by 10-15µ 
wide, little branched in groups, carrying 1 or 2 lateral sporangia. Sporan-
gia globose, 66µ in average diam., but exceptionally reaching 80µ in diam. 
Wall diffluent, almost colorless, rather yellow, leaving collarette. Columellae 
oval or round, free, colorless, 30-36µ in diam. or 24 x 36µ. Spores elongate, 
planoconvex, 9-10µ long by 3-4µ wide. Chlamydospores frequent, rather 
than oidiospores which are borne on lateral branches. Zygospores frequent 
on adjacent branches but not on forks of the same branch, 100µ in diam. 
Epispore very thick, with conic warts. 
From soil: Norway (22), Switzerland (27) 
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•11. Mucor varians Povah (35) 
Turf 1-3.5 cm. tall on bread, ivory yellow to olive buff; sporangiophores 
8-20µ in diam., either little or profusely branched, much coiled, twisted or 
intertwined, forming a dense tough cottony turf with proliferations of 
hyphae and columellae often present; sporangia globose or sub-globose, 
smooth, 60-80µ in diam., at first yellow or pale orange, then very dark gray 
tinged with green, at maturity; wall diffluent leaving a basal collarette. 
Columellae free or slightly adnate, very variable in shape sub-globose, hemi-
spherical, flattened hemispherical, oval, cylindrical, elliptical, pyriform, 
panduriform, cylindroconical, sub-conical and conical, large columellae 
hemispherical to conical, small columellae cylindrical to pyriform and pan-
duriform 25-50 x 20-45µ, membrane tinged gray, with or without orange 
contents. Spores not uniform oval to sub-elliptical 4-6 x 3-4µ. Zygospores 
not found. 
From soil: United States: Michigan ( 35) 
•18. Mucor abundans Povah (35) 
Forming on bread a dense erect smoke-gray turf tinged drab 1.5-3.5 
cm. tall. Sporangiophores 8-23µ in diam., at first simple, later with one to 
three lateral branches which are in turn branched once or twice, with 
branches always terminating in a sporangium, and with a septum above 
point of insertion of branch; sporangia globose or sub-globose, smooth or 
encrusted with very delicate crystals, 56-78µ in diam., at first yellowish, 
becoming dark grey with a greenish tinge at maturity. Wall diffluent, 
leaving a collarette; columellae sub-globose to pyriform, free or slightly 
adnate 31-40 x 25-35ft, hyaline or tinged gray; spores variable, globose to 
short elliptical 3-5µ in diam. or 4-5.5 x 3-4.5µ. Chlamydospores and yellow-
ish globules in submerged mycelium. Zygospores not found. Related to 
M. hiemalis (Sense of Hagem) from which it differs in the shape of the 
columellae and in the shape and size of the spores. 
From soil: United States: Michigan ( 35) 
•rn. Mucor botryoides Lendner (26) 
Sporangiophores non-erect, incurved, forming a cobwebby network, 
attaining 1.5 cm. in height, not varying far from 16 to 20µ in diam., end-
ing in a larger sporangium and producing at a short distance below the 
sporangium more or less closely clustered branches that are terminated by 
sporangia ; secondary branches are sometimes dichotomous or sometimes in 
sympodia; sporangia globose, clear gray, with membrane of the large as 
well as the small sporangia diffluent in water; average size of the terminal 
sporangia 80µ in diam.; the lateral sporangia are variable and some are 
very small; columellae variable in form and size; hyaline, globose, cam-
panulate or panduriform, 60 by 44µ, or 55 by 38µ, or 30 by 20µ, and much 
smaller, usually without basal collar; spores hyaline, globose, average 8µ, 
max. 10µ, not rarely encountered as small as 5-6µ; appearing polyhedral 
because of their surface presenting a very slight roughness. 
From soil: Switzerland (27) 
United States: Alaska (53), Idaho (36), New Jersey (52) (53), New 
York (26), Rhode Island (38). 
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•20. Mucor saturninus Hagem (24) 
Colonies always more or less dark colored, usually lead-gray or lead-
black, but sometimes even blue-black. Sporangiophores of various heights, 
some low, others high. The lower from 1-2 mm. high usually richly branched 
monopodially or sympodially and fonning a lead-black or blue-black turf 
from the large sporangia. The higher 2-3 cm. high, are more or less scattered, 
20-25µ thick and at first erect, later bent, branched monopodially with long 
branches and of a characteristic bright lead-grey color. Sporangia of the 
lesser branches at first bright waxy-yellow, then blue-gray, and finally al-
most black at maturity, of very different sizes, usually 45-180µ in diam., 
with a spiny non-diffluent wall. Sporangia of the higher branches 
with a diffluent wall, leaving only a collarette. Columellae oval, seldom 
cylindrical, in the sporangia on the higher branches, frequently collapsed 
on the base, 60-100µ high by 50-90µ broad; the secondary (smaller sporan-
gia) somewhat smaller, 35-70µ high by 25-50µ broad. Spores regularly 
broad ellipsoid (4.5-5)6-8(-10) x (3.5)4-6 (7)µ as well as a few small 
globose forms 4-4.5µ in diam. Zygospores not known. 
From soil: Norway (24) 
United States: New Jersey (53) 
21. Miicor circinelloides van Tieghem (27) 
Sporangiophores erect, forming a very short turf, close and deep brown, 
about 1 cm. tall. They are more or less branched in sympodia with branches 
alternating right and left, short and more or less curved, always terminated 
by a sporangium. The length of the secondary branches is very variable ; 
they are sometimes so short that the sporangium is seemingly sessile. Spo-
rangia globose, 50-80µ in diam., grey brown when walled; erect, or slightly 
incurved. The larger have a diffluent membrane; in the case of the smaller 
(the upper) the wall is persistent and the sporangia are evanescent. Wall 
of sporangium encrusted and when diffluent it leaves a basal collarette; 
but when not encrusted, persistent, firm and smooth. Columellae free, 
hemispheric or spheric or oval, colorless, smooth. Spores globose or elliptic, 
3µ in diam. by 4-5µ long (Lendner, 4 x 5-6µ), smooth, colorless when single, 
but pale grey in mass. Zygospores globose, exospore red-brown, covered 
with very prominent spiny warts, longitudinally striate. Chlamydospores 
smooth, colorless, deep on the length of the filament. Gemmae as in yeasts 
and M. racemosus. 
From soil: England (15) (16), Japan (45), Switzerland (27) 
United States: Colorado (53), Idaho (36), Louisiana (53), Maine (53), 
New Jersey (52), (53), New York (26), North Dakota (53) , Oregon (53) 
•22. Mucor griseo-cyanus Hagem (27) 
Turf, deep grey blue, about 1 cm. high. Sporangiophores branched, 
the longer in groups or in sympodia; the shorter always in sympodia. The 
lateral branches of the latter are rather circinate. Sporangia globose, 60-80µ 
in diam., with a non-diffluent wall, encrusted with very small crystals of 
calcium oxalate. They are strongly colored grey-blue. Columellae round 
or ovoid, flattened at the base and concrescent with the membrane of the 
sporangium, 30-40µ long by 24-36µ wide, colored a clear fuliginous brown. 
Spores oval brown in masse, 5-6µ long by 4µ wide. Chlamydospores formed 
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on the sporangiophores and the filaments of the mycelium, oval or round, 
12-14µ in diam. Zygospores unknown. 
From soil: Norway (24), Switzerland (27) 
•23. Mucor corticolus Hagem (24) 
Colonies grey or slightly blue-grey ; sporangiophores erect, up to 2 cm. 
high, sympodially branched with small, long branches, terminating in a 
sporangium. Lateral branches, long (2-3 times as long as M. silvaticus) and 
usually 600-1500µ long by 10-15µ thick, often more or less curved and 
terminating with sporangia. Sporangia globose, 50-60µ in diam., with 
diffluent wall. Columellae egg-shaped or slightly oval, almost always 3-6µ 
longer than broad, 27-33µ wide by 30-36µ long, without or with colorless 
content and usually with an indistinct collarette. Spores oval or elliptic 
(larger than M. silvaticus) 5-7 by 3.5-5µ. Zygospores not known. 
From soil: Norway (24) 
United States: Michigan (35) 
•24. Mucor lamprosporus Lendner (27) 
Turf about 3 cm. above the surface of the substrate, a dense felt, pale 
gray. Sporangiophores rather irregularly branched in groups or in sym-
podia, 3 cm. high, branches alternate, recurved, bearing minute sporangia. 
Sporangia terminal, globose, 60µ in diameter ( 90µ max.). Wall diffluent. 
Columellae spheric, 20µ in diam., or ovoid, 24µ wide by 28µ long. Lateral 
sporangia, minute, 30-40µ in diam., deciduous. Spores globose, colorless, 
hyaline 10µ in diam. (7-12µ, limits). 
From soil: Switzerland (27) 
•25. Mucor jansseni Lendner (27) 
Turf very short, velvety, becoming yellow to orange with age. Spo-
rangiophores 2-6 mm. high, much branched in corymbs or in sympodia; 
ending in sporangia. Wall obliquely striate. Sporangia globose, deep 
bluish black, 50-70µ in diam. Wall finely granular, not diffluent, but fra-
gile. Columellae sometimes round, with a wide flattened base, subjacent; 
sometimes elongate and conic, tinted deep blue or gray, 34µ long by 30µ 
wide; the smaller are proportionately longer, 20µ wide by 26µ long. Spores 
round, 5-6µ usually, sometimes smaller, 3-4µ in diam. 
From soil: Switzerland (27) 
United States: Idaho (36) 
•26. Mucor spinescens Lendner (27) 
Turf very short, 1-2 mm. in height. Sporangiophores branched and 
short, maximum 1 mm. long by 10µ wide, thinner near the sporangium. 
It is rarely straight, often slightly incurved. Sporangia globose variable 
in size ( 60-64 to 68µ in diam.). Spores rather large, 7-8µ, rarely smaller, 
5-6µ, slightly colored, clear yellow brown. Columellae at times ovoid, at 
times pear-shaped, or even elongate; often with a varying number of pro-
longations on their tips. Zygospores unknown. Differs from M. jansseni 
by its spinescent columellae and larger spores; from M. plumbeus by its 
much smaller sporangiophores. 
From soil: United States: Idaho (36) 
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27. Mucor plumbeus Bonorden (27) 
Turf close, regular, mouse grey, about 1 cm. deep. Sporangiophores 
erect, 1 cm. long, branched in groups or in sympodia. All the branches 
terminated by sporangia. Wall, smooth, colorless. Sporangia 100 to 300µ 
in diameter, deep brown or black. Wall di:ffluent, encrusted, leaving a basal 
collarette. Columellae free, oval or pear-shaped, furnished at their summit 
with a variable number of spines (up to 12 or more) irregular, often swollen 
at the tip, 22-85µ long by 8-65µ wide; they are often colored grey or brown. 
Spores globose, equal, 5-8µ (exceptionally 9-12µ) grey-blue with a dotted 
wall. Zygospores globose, yellow brown; exospore furnished with irregular 
warts in the shape of plates. Chlamydospores formed on the mycelium or 
the sporangiophores as in M. racemosus. Budding cells as in yeasts. 
From soil : England ( 15) 
United States: California (52), Idaho (36), New Jersey (52) (53), 
New York (26) 
•28. Mucor sphaerosporus Hagem (27) 
Turf short, rather deep brown, % cm. high. Sporangiophores branched 
sympodially or in corymbs of 3-5 branches; about 1 cm. high by 15-18µ 
wide, with wall colored a pale brownish-red. Sporangia globose, brownish-
red, 70-110µ in diam. Wall diffluent in the case of the large sporangia, 
fragile and persistent in the case of the small, stippled. Columellae ovoid 
or round, free at the base or quite campanulate with a flattened base ( 40-
65µ high by 30-55µ broad, Hagem). Spores round, (very exceptionally, 
ovoid), very shining, tardily reddish, and rather equal, 10µ (6-8µ). Spo-
rangioles numerous on the substrate but not evanescent. Chlamydospores 
and oidiospores numerous. Zygospores unknown. 
From soil: England (15) (16), Norway (22) 
United States: Idaho (36), New Jersey (52) (53) 
•29. Mucor dimorphosporns Lendner (27) 
Turf grey, about 2 cm. high. Sporangiophores branched in sympodia, 
erect, 2 cm. long by 12µ wide. Near the surface of the substrate, other wavy 
or circinate sporangiophores occur bearing smaller sporangia. Sporangia 
normally spheric, not more than 80µ in diam., often rather wider than long, 
60 by 58µ in height on the average. Wall di:ffluent. Spores usually spheric, 
8-10µ in diam., often oval 6x8 or 8x10µ, hyaline or slightly yellow, shining. 
Abnormal spores 30µ long by 8-10µ wide, very irregular, are found. Colu-
mellae rather larger toward the base, 20 x 24-40 x 50µ, oval, encircled by 
a collarette. Chlamydospores on the sporangiophores. Zygospores not 
known. 
From soil: Switzerland (27) 
•ao. Mucor ambiguus Vuillemin (27) 
Sporangiophores erect, forming a blackish turf, 1 mm. in height, 
branched in sympodia and bearing 4-5 sporangia, branches short, straight, 
or slightly incurved. Sporangia globose, 100µ in diam., grey-black. Wall 
of sporangia more or less encrusted and more or less di:ffluent. The suc-
cessive sporangia are more and more persistent, the wall finally dehiscing 
by fragmentation. Columellae free, globose, or campanulate. Spores ellip-
tic 4.5µ wide by 7µ long, with a finely stippled wall. Zygospores unknown. 
From soil: United States: Michigan (20) 
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31. Mucor geophilus Oudemans (27) 
Mycelium snow white, very tardily grey, finely pale olive. Sporangio-
phores simple or branched in cymes, carrying 2-3 branches. Sporangia 
globose, at first yellow, then olivaceous, leaving a collarette after the de-
struction of the membrane, dimensions 50-350µ in diam. Wall with small 
blunt warts. Columellae globose, voluminous, pale grey. Spores pluriform, 
globose, round or elliptic, angular, 4.2-6.5µ in diam., smooth, olive. Chlamy-
dospores on the branches of the mycelium, round, 20µ in diam., at times in 
a more or less extended series. Zygospores very like chlamydospores, about 
30µ in diameter. 
From soil: Holland ( 32) 
United States: Iowa (1) (3) 
•32. Mucor strict1ls Hagem (22) 
Turf greyish white, about 1 cm. high, 1/z below the surface of the sub-
strate and dotted with sporangia; at first white, then pale brown; dark 
brown with age. Sporangiophores simple or branched sympodially up to 
1 cm. high by 16µ wide, slightly incurved at the tip, restricted by the in-
sertion of the sporangia. Wall of sporangiophores striately netted. Spo-
rangia globose, spheric, rather flattened on the side toward the columellae, 
70µ high by 88~i broad, up to 170µ in diam. Wall diffluent but not in all 
the sporangia. Columellae ovoid, rather flattened at the base, subjacent, 
60 x 44µ or 64 x 50 (max. 140 x 110)µ. Spores subspheric or oval, slightly 
unequal, 5 x 6µ or 6 x 8µ, rarely 10µ No chlamydospores. Zygospores un-
known. 
From soil: Norway (22) 
4. Zygorhynchus Vuillemin 1903 (18) 
Hyphae continuous, branched, un-
equal, often nodose, immersed, prostrate 
or forming a cottony aerial turf. Chlam-
ydospores smooth, intercalary or ter-
minal. Sporangiophores solitary or in 
an irregular sympodial system, bearing 
typical sporangia or abortive sporangia 
and zygospores; not apophysate. Spo-
rangia uniform; wall, diffluent, with 
the base concrescent with the columella. 
Upon its disappearance a collarette re-
mains. Spores numerous, minute, smooth. 
Zygospores variable, warted. Gametes 
very unequal produced on unequally bi-
furcated hyphae, one straight and small, 
the other curved and thicker, at the end 
a reflexed pear-shape. 
b 
Fig. 4. Z:r1rorhynchu1. a-habit sketch: b-
sp-0rangiophore : c-sp-0res ; d-zygosp-0re. 
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KEY TO THE SPECIES OF THE GENUS ZYGORHYNCHUS 
a. Spores globose ; 2-3µ in diam. 
1. Z. heterogamus. 
aa. Spores elongate. 
b. Spores 4 x 2µ; zygospores 40-50µ in diam., with prominently verru-
cose epispore. 
2. Z. vuilleminii. 
bb. Spores 5 x 3µ; zygospores averaging 35µ in diam., with less pro-
minently verrucose epispore. 
•i. Zygorhynchus heterogamus Vuillemin (27) 
Syn. Mucor heterogamus (Vuill) Lendner 
3. Z. moelleri. 
Sporangiophores erect, 2 mm. long by 12-15µ wide, sometimes simple, 
and ending in a sporangium, more often branched, bearing 2 and at times: 
4 branches opposite each other or in whorls, all ending in sporangia. Spo-
rangia equal, globose, 50-60µ in diam., black. Wall of sporangium diffluent, 
excrusted, leaving a collarette. At the time of zygospore formation the 
wall becomes persistent. Columellae spherical, smooth. Spores round, 2-3µ. 
in diam., smooth. Zygospores formed either on the sporangiophores or on 
special mycelial filaments, branched sympodially. Gametes, very unequal; 
on unequally bifurcate filaments, the one straight, slender; the other curved, 
thicker. Zygospores very variable in size, 45-150µ in diam. Exospore brown, 
spiny with black points, united in plates. Endospore with simple warts. 
Chlamydospores intercalary or terminal, elliptic or globose (20 x 25µ). 
From soil: United States: Rhode Island (38) 
2. Zygorhynchus vuilleminii Namyslowski (31) 
Sporangiophores 5-8µ broad, branched. Sporangia globose, not di:fflu-
ent when young, di:ffluent at maturity. 30-45µ in diam. (max. 60µ). Spo-
rangia terminal, larger than other species. Columellae broader than high, 
ovoid, 12-30µ broad (max. 35µ). Spores hyaline ellipsoid 4µ long by 2µ. 
broad, often guttulate. Chlamydospores smooth, oval or elongate, of vari-
ous sizes. Zygospores globose, epispore verrucose, brown, 40-50µ in diam. 
(max. 60µ). Azygospores not rare. Distinguished from Z. moelleri by the 
epispore having much smaller warts, commonly aggregated. 
From soil: Canada (52), Montenegro (31) 
United States: Iowa (1) (3), Louisiana (2), Maine (53), New Jersey 
( 52) ( 53), Oregon ( 53), Rhode Island ( 38) 
3. Zygorhynchus moelleri Vuillemin (27) 
Turf 0.5 cm. high, grey, cottony. Sporangiophores simple or branched, 
and bearing one or two lateral branches, (opposite). Sporangia grey-
yellow, slightly wider than long, 48µ long by 50µ wide. Wall not di:ffluent. 
Columellae oval and depressed, wider than long (20-30µ high by 26-36µ. 
wide), wall smooth. Spores oval, 5µ long by 3-4µ wide (rarely 4 x 3µ) . 
Zygospores as in Z heterogamus but smaller, 35µ in diam., (extremes 20µ. 
and 54µ in diam.). 
From soil: Japan (45), Norway (22) 
United States: Iowa (33), New York (26) 
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II. THAMNIDIACEAE 
5. Thamnidium Link 1809 (27) 
Sporangiophores erect, terminated 
by a sporangium resembling that of the 
genus Mucor. They are formed at def-
inite points on single or verticillate 
branches, which in turn are dichotom-
ously branched and terminated by small 
sporangia or sporangioles. The sporan-
gium is terminal, multisporous, with a 
diffluent membrane, encrusted with cal-
cium oxalate, and possessing a large 
columella. Sporangioles small, spherical 
containing 4-10 spores, with an encrusted 
membrane, persistent, not diffluent, with-
out columellae. They are evanescent. 
The spores are of the same size in both 
sorts of sporangia; colorless, smooth. 
Zygospores naked, formed on the myce-
fl.~~ 
·vr~1 
Fig. 5. Thamnidlum. a-habit sketch : 
bl-primary eporangium ; b2-eecondary epo-
rangia : e-epores ; d-zygoepores. (After 
Fischer). 
lium. Suspensors without appendages, gametes straight. Germination 
not known. 
•1. Thamnidium elegans Link (27) 
Turf 3 cm. high. Sporangiophore bearing a terminal sporangium, 100-
200µ in diam., with a columella 50-70µ wide by 62-90µ long. The lateral 
branches divide in whorls and branch dichotomously. The length of the 
branch diminished in proportion to hs forking. The first arm, from the 
place of insertion on the principal filament to the first fork 150-200µ long; 
the arm of the first order 40-60µ, the last are 4-6µ long by 2µ in diam. 
Sporangioles, very variable in size, up to 24µ in diameter. The smaller 
have not more than 4, often only 2 or one spore. The spores are always 
the same size in all the sporangia, 6-8µ wide by 8-12µ long. Zygospores, 
according to Bainier, on the mycelium, round, black; exospore verrucose, 
black, endospore yellow. 
From soil: England (16) 
United States: Idaho (36) , New York (26) 
III. PILOBOLACEAE 
6. Pilaira van Tieghem 1875 (18) 
Mycelium sunken in the substratum. Sporangio-
phores single, thread-like, non-septate. Sporangia ter-
minal; at first spherical; membrane cuticularized on the 
upper half; on the under half, delicate, thin; this latter 
becoming swollen upon the ripening of the spores and 
evanescent. Columellae large, disc-like or spherical, per-
sistent. Zygospores spherical, being borne on the ends 
of erect copulating branches which are somewhat twisted 
about each other. 
a 
~ 
Fig. 6 Pllalra. a-
eporangiophore : b-ga-
metes ; c-zygospore. 
(After Fischer). 
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•i. Pilaira nnomala (Cesati) Schroeter (37) 
Sporangiophores only at first; at most 2 cm. high, (before they reach 
their full extension they appear like a Mucor turf,) very soon collapsing 
and forming a high, loose, woolly, hyaline felt on which the black sporangia 
appear as black points. Sporangiophores extended 10-12, even 20 cm. long, · 
cylindric, 30-80µ thick, without basal and sub-sporangial swellings; with 
colorless, thinner, shallow wavy wall, entirely empty at the time of spore 
maturity. Sporangia at first white, then yellow, mature black, with color-
less base; wet globose, 100-250µ in diam., dry half-round; many spored, 
ejaculated, sometimes nodding on the still upright conidiophore. Columellae 
100-150µ wide, 40-60µ high, flat, half-round, or knob-shaped, smooth, color-
less. Spores long-oval 8-13µ long, 5-8µ wide, single, colorless; in mass 
yellow, with colorless thin membrane. Zygospores at maturity black, glo-
bose or slightly oval, 120µ long, 100µ wide, with smooth, thick, colorless -
endospore and black, warty exospore. Germination with a short sporangio-
phore. 
From soil: Holland (32) 
IV. MORTIERELLACEAE 
7. Mortierella Coemans 1873 (27) 
Mycelium very thin and delicate; 
nutritive mycelium sunken, much branched, 
at times forming cysts; aerial mycelium 
creeping, many times anastomosing. Spo-
rangiophores erect, with limited growth, 
simple or branched, very broad below, 
diminishing to the tip. Sporangia ter-
minal, spherical, without columellae; mem-
brane thin, diffluent. Spores spherical or 
ellipsoid. Zygospores spherical, covered by 
a thick case. Conidia formed on short side 
branches on the aerial mycelium, spherical, 
one-celled. b Fig. 7. Mortierella. a-eparangio-
pho1·e; b-gametee; c-zygoepare. (After 
Fischer). 
KEY TO THE SPECIES OF THE GENUS MORTIERELLA 
a. Tufts white at first, later changing through grey to isabelline in color. 
1. M. isabellina. 
aa. Tufts always snow white. 
b. Tufts orbicular not lamellate, sporangia not swollen at the base. 
2. M. humicola. 
bb. Tufts orbicular, in layers. 
c. Spores uniformly globose. 
3 .M. pilSilla. 
cc. Spores of two sorts, globose 2-5µ and elliptic 5-6 x 4-5µ in diam. 
4. M. subtilissima. 
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#1. Mortierella isabellina Oudemans (27) 
Tufts elliptic, zonate, at first snow white, then pearl grey, :finally isa-
belline (Sacc. Chrom. No. 8). Hyphae creeping, branching in forks, con-
tinuous, filled with homogeneous protoplasm; sporangiophores cylindric, 
slightly attenuated at the tip, continuous, 120-200µ high, hyaline, ending 
in a single sporangium. Sporangia globose, 12-25µ in diam., with hyaline 
wall. Spores globose, smooth, nearly hyaline when single, pale yellowish 
white in mass, 2-5µ in diam. Chlamydospores submerged, globose or ellip-
tic; smooth, hyaline, with thin membrane. 
From soil : Holland ( 32) 
•2. Mortierella humicola Oudemans (27) 
Tufts orbicular, not lamellate, inalterably snow-white. Creeping 
hyphae dichotomously branched, hyaline, continuous, at times nucleate, 
filled with more or less granular protoplasm. Sporangiophores cylindrical, 
not enlarged below, filled with a protoplasm containing rather large vacu-
oles, 110-150µ in height and ending in a solitary sporangium. Sporangia 
globose, about 20µ in diam., smooth, with hyaline membrane. Spores glo-
bose, smooth, up to 3µ in diam., hyaline without trace of nucleus or oil drop. 
From soil: Holland (32) 
•3. Mortierella pusilla, Oudemans (27) 
Tufts orbicular, always snow white, woolly, composed of some stages 
sinuous or lobed, others less wide, which are higher. Hyphae creeping, 
hyaline 2.5-10µ thick, forked, filled with dense protoplasm finely granular; 
sporangiophores 4-6µ wide, larger at the base, diminishing at the tip, 130-
170µ high, ending in a solitary sporangium. Sporangium globose, smooth, 
24-28µ in diam., with hyaline membrane. Spores globose, smooth, hyaline, 
2-2.5µ in diam., without trace of nucleus or vacuoles. Differs from M. isa-
bellina; by the graded structure of the tufts and their inalterable white 
color; the content of the creeping hyphae, the form of the erect hyphae; 
the hyaline spores. 
From soil : Holland ( 32) 
•4. Mortierella subtilissima Oudemans (27) 
Tufts in all respects like those of M. pusilla. Creeping hyaline con-
tinuous, branched, 3-5µ wide, filled with a homogeneous protoplasm; spo-
rangiophores continuous, hyaline, 130-200µ high by 2.5-3.5µ wide, simple, 
cylindric, not enlarged at the base, :finely attenuate at the tip, ending in 
a solitary sporangium. Sporangia globose, smooth, 20-26µ in diam., with 
a hyaline membrane. Spores smooth, hyaline, globose 2.3 x 4.6µ in the 
midst of others elliptic 5-6 x 4-5µ. 
Differs from M. pusilla by the homogeneous protoplasm; the :finer 
nearly cylindric sporangiophores; the slightly smaller sporangia; the mix-
ture of round and elliptic spores. 
From soil: Holland (32) 
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V. CHAETOCLADIACEAE 
8. Cunninghamella Thaxter 1903 (27) 
Mycelium white, floccose, slightly 
thickened, 3-6µ, continuous when young, 
later becoming septate, septa disposed 
here and there without order. Rhizoids 
very tenuous. Conidiophores straight, 
branched. The main axis, as well as the 
side branches, little or not septate, ter-
minating in spherical heads, furnished 
with small swellings which are the points 
of insertion for the conidia. Conidia 
spherical or oval, often with an irregular 
outline, the external membrane spiny 
with needle crystals. Chlamydospores 
globose, intercalary in the mycelium. 
a 
~ 
Fig. 8. Cunnlnahamella. a-conidio-
phore : b-primary conidium ; c~secondary 
conidium; d-zygospore. (After Lendner). 
KEY TO THE SPECIES OF THE GENUS CUNNINGHAMELLA 
a. Spores larger: terminal-12 x 16µ, lateral 8-10µ; terminal vesicle 60µ, 
lateral vesicle 18-20µ in diam. 
1. 0. elegans. 
aa. Spores smaller: terminal-10 x 14µ, lateral 8-10µ; terminal vesicle 50µ, 
lateral vesicle 16µ in diam. 
2. 0. verticillata. 
•1. Ounninghamella elegans Lendner (27) 
Mycelium white, very tardily ashy, is divided into two parts; the first 
portion in contact with the substratum is very close, and finally forms in 
very old cultures a cartilaginous layer which has a pseudo-parenchymatic 
structure. The filaments are very firm and interwoven. In the other por-
tion, the aerial filaments are cottony and bear the organs of reproduction. 
Conidiophores erect, many times dichotomously branched but without septa. 
The tip of the conidiophore is inflated into a head very regular, round or 
slightly oval or pear-shaped, up to 60µ in diam. Below this terminal head 
a whorl of branches variable in number occurs, each ending in a smaller 
rounded head ( 18-20µ in diam.). Both carry the numerous conidia which 
differ in size according to whether the head on which they occur is terminal 
or lateral. On the former they are ovoid, elongated into a point at the place 
of insertion and measure 16µ long by 12-14µ wide; the upper limit is ex-
ceptionally 14µ wide by 22µ long. Their wall is covered with short spines. 
The conidia produced on the lateral heads are always smaller and more 
spheric (8-10µ). Together they give a very pale blue ash color to the cul-
ture. 
From soil: Switzerland (27) 
2. Ounninghamella verticillata Paine (33) 
Colonies spreading; aerial hyphae loose, elevated, 2-4 cm. in height, 
somewhat silvery, much vacuolated. Conidiophores very long, 2 cm. or 
more, by 12 to 14µ in thickness. Numerous lateral branches are borne at 
various places along the conidiophore just below the terminal vesicle, form-
ing a number of whorls of two to six lateral branches, each terminating in 
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a vesicle; the conidiophore being more or less swollen at each point of at-
tachment of the lateral branches; lateral branches not exceeding 30µ in 
length, their vesicles pyriform or oval, not over 16µ in diam. The terminal 
vesicle globose to oval, about 50µ in diam. Spores borne on the terminal 
vesicle ellipsoid, pointed at the attached end, 10µ by 13 to 15µ; spores borne 
on the lateral vesicles oval, bluntly pointed at the attached end, 8 to 12µ 
in diam. All spores are finely echinulate, echinulations 1.5-3µ in length. 
From soil: United States: Iowa (33), Louisiana (Listed in La. Bul. 
196 as Oedocephalum). 
II. Peronosporales 
VI. PYTHIACEAE 
9. Pythium Pringsheim 1858 (12) 
Mycelium parasitic in living plants 
or saprophytic on insects and plants rot-
ting in or on water, with very thin, not 
more than 6µ thick, often much thinner, 
richly paniculately branched threads, at 
first always one-celled, in age often with 
some irregularly placed cross-walls, 
growing intra- or intercellular, always 
without special haustoria; in water often 
forming thin, Saprolegnia-like turf; 
colorless. Sporangia not on the special 
conidiophores of other Peronosporales 
but partly at the end of hyphae, partly 
intercalary in or on the substrate, vari-
ously formed; partly thread-like, not 
thicker than the mycelial branches, part-
ly spherical or lemon-shaped; the still 
undivided content empties into a bladder 
and breaks up here into zoospores, which 
become freed by the bursting of the 
bladder. In many species the sporangia 
Fig. 9. P:rthlum. al-thread-like spo-
rangium; a2-globose sparangia; bl, b2-
zoospare formation from the respective 
sparangia : c-anthcrldium ; d-oogonium. 
(After Fischer). 
remain sitting on the mycelium, in others only in water on submerged 
mycelium, while they may break off as conidia, in others finally only 
conidia are formed. Conidia spherical or lemon-shaped, of the shape 
and arrangement of sporangia, germinating either as zoospores, as sporan-
gia, or by a tube. Zoospores kidney-shaped with two cilia inserted at the 
side, monoplanetic, colorless, movement uniform. Sex organs partly in 
the interior of the substrate, partly on the hyphae growing out of it es-
pecially in water, numerous, always androgynously arranged. Oogonia 
small, spherical with colorless, unspotted, smooth, or warty-spiny mem-
brane, one egg and little periplasm. Antheridia mostly club-shaped, on the 
end of short branches, sprouting from below the oogonium, curved secondary 
branches, seldom cylindrical and divided hypogynous as pieces of the 
oogonial bearing threads ; very rarely lacking also the antheridia. Oospores 
single in the oogonium, spherical with large central colorless fat-drop, color-
less content, with thick smooth or spiny, yellowish or gray epispore. Ger-
mination either by zoospores or tube. 
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KEY TO THE SPECIES OF THE GENUS PYTHIUM 
a. Sporangia filamentous, resembling the vegetative hyphae, not separated 
off from the vegetative mycelium by septa, often branched and very un-
equal in size. Antheridia and oogonia cut off by septa. Oospores smooth. 
1. P. monospermum. 
aa. Sporangia spherical, oval, etc. (not filamentous) cut off by septa from 
the vegetative mycelium. 
b. Sporangia prolif erous, conidia unknown. 
2. P. prolif erum. 
bb. Sporangia not proliferous, often transformed into conidia. 
c. Sporangia and conidia catenulate. Sexual reproduction unknown. 
3. P. intermedium. 
cc. Sporangia and conidia not catenulate. 
d. Sporangia rare. Conidia irregular. Oospore not filling the 
oogonium. 
dd. Sporangia numerous, subspherical. 
e. Oospore not filling the oogonium. 
ee. Oospore filling the oogonium. 
•i. Pythium monospermiim Pringsheim (12) 
4. P. vexans. 
5. P. de baryanum. 
6. P. rostratum. 
Mycelium forming a cloud around the substratum. Hyphae irregularly 
branched up to 7µ in diameter, often with numerous bud-like outgrowths 
laterally. Sporangia single or branched, length very variable, up to 1 mm. 
Zoospores from a few to 40 or more. Oogonia within and outside the sub-
stratum, terminal or intercalary, or formed in the lateral buds. Antheridia 
one or more, club-shaped, arising from the oogonial or from a distinct 
hypha. Oospores smooth, completely filling oogonium, the wall of which 
is often difficult to define, 12-15µ in diameter, germination after a rest, 
which may be several months in duration, by a hypha which is quickly 
transformed into a sporangium. 
From soil : Ireland ( 12) 
•2. Pythiitm proliferum de Bary (12) 
Mycelium in water culture, fine. Hyphae uniform, 4-5µ broad, branch-
ing laterally and sparingly in young cultures. The origin of a lateral 
branch may be somewhat swollen, and rarely, fusiform swellings occur in 
the course of the hyphae. Sporangia terminal, spherical, rarely, oval, vacuo-
lated, very variable in size, 30-58µ in diameter, with a short tube of dis-
charge, rarely equalling one-fourth of the diameter of the sporangium, 
placed in any position, but usually opposite the stalk. After discharge, 
growth of the supporting hypha occurs through the emptied sporangium, 
or immediately below it, laterally, new sporangia being formed within the 
empty sporangium, or beyond it, in the first case. Zoospores large, 3 to 
numerous. Conidia unknown. Oogonia within and outside the substratum, 
terminal or often intercalary, 19-36µ in diameter. Antheridia 1-3 or more, 
usually more than one, from neighboring branches and, less frequently 
from the oogonial stalk. Oospores spherical, not filling oogonium, 16-27µ 
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in diameter. Germination after a rest of several months, by a hypha which 
usually branches, the branches being short and clustered and bearing one 
or rarely two sporangia, sometimes, particularly in small spores, by an un-
branched hypha which soon gives rise to a sporangium. 
J.i~rom soil: France (12), India (12) 
8 3. Pythium intermedium de Bary (12) 
Mycelium extra- and intra-matrical, forming a regular fine haze around 
the substratum in water culture. Hyphae very numerous, up to 6µ thick, 
regular, without intercalary swellings. Branching often at right angles, 
sometimes dichotomous, more usually lateral. In old cultures septa, with 
a distinct double contour, are not uncommon. The tips of all free branches 
usually end in spores. These measure 18-24µ in diameter, and are normally 
arranged in chains, up to 13 in a single chain having been observed. When 
ripe they fall off readily, and can germinate immediately in fresh water. 
Growth may continue from the hyphae immediately under the spore, which 
is gradually pushed to one side, as in Phytophthora inf est ans. The new 
hypha may arise so as to leave the lateral spore supported on a short basi-
dium, or sometimes from a swollen part, immediately under the spore, which 
is very often present, and in this case the lateral spore lies sessile. Some-
times the new hypha arises further down, leaving the spore or chain of 
spores supported on a lateral stalk, which may itself give out branches and 
support new chains of spores. The chains are formed basipetally, the end 
spore being the oldest. The spores in the chain are usually spherical and 
divided from each other by short stalks, which may persist as a tiny pro-
cess, rectangular in outline on the fallen spore. Sometimes, however, they 
are pear-shaped, in which case the narrow end of each arises directly from 
the spore below. The spores of a chain may germinate as sporangia or con-
idia, both forms occurring in the same chain. In young cultures large num-
bers of sporangia occur and discharge zoospores on addition of fresh water. 
In older ones the conidia are the chief organs found. The tube of discharge · 
is always very short, about one-fourth of the diameter of the sporangium, 
and appears in any position, most frequently laterally. The conidia are 
often provided with thick walls, showing a distinct double contour. They 
can preserve their vitality if kept moist, for at least 11 months and can 
stand freezing. If completely air dried they soon die. Sexual organs have 
not been observed. 
From soil : England ( 12), France ( 12), Germany ( 12), Ireland ( 12) 
•4. Pythium vexans de Bary (12) 
The mycelium is slender, finer than that of P. de baryanum or P. ros-
tratum, but resembling P. intermedium, both in thickness of the hyphae and 
the size of the thallus in water cultures. The hyphae taper at the ends, 
particularly in the lateral branches, which are given off in a very irregular 
manner. The branches of the secondary or tertiary order, often extend 
far beyond the primary hyphae, tapering into very fine filaments at the 
ends. This character distinguished it from any other species. Sporangia 
and conidia are developed on two or three days' old cultures. The former 
are rare. They occur both terminally and, more rarely, intercalarly, and 
are scarcely ever spherical or oval, but usually irregularly pear-shaped, 
ovoid or sub-angular. The sporangial tube of discharge is short. The spo-
rangia and conidia measure 17 -24µ in diameter, averaging about 21µ. The 
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eonidia are filled with very dense protoplasm, vacuolation being rare. The 
-00gonia are22-25µ in diam. and formed on the extra-matrical mycelium. They 
always arise laterally usually on short branches from the main hyphae, or 
sessile on the latter. The oogonium is inserted on its stalk by a broad base. 
'The antheridia arise from the oogonial stalk and are sometimes hypogynal. 
·usually there is one to each oogonium, rarely two. The antheridial cell is 
dub-shaped, or rounded, and large in relation to the oogonium. In every 
case seen it was closely applied to the oogonial wall, so as to fuse with the 
latter in a large part of its circumference. Oospores free in the oogonium, 
·but larger in relation to it than in P. de Baryanum, 20-22µ in diam., smooth, 
round. Germination often by giving zoospores directly, a thick tube being 
put out which, after growing to about the length of the diameter of the 
()()Spore, blows up at the apex into a bladder in which the contents of the 
·oospore are divided into zoospores. In older spores (5-6 months) germina-
tion only by a branched hypha. 
From soil: England (12), France (12), Ireland (12) 
:5. Pythium de baryanum Hesse (12) 
Mycelium rather coarse, intra- and extra-matrical. Hyphae large, branch-
ing irregular and free, septate in old cultures. Sporangia spherical or oval, 
~hiefly extra-matrical, terminal and intercalary; supporting hypha usually 
.emptied of its contents for a variable distance below the sporangium and 
:separated by septa from the full portion of the hypha and from the sporan-
gium. Tube of discharge lateral, about the diameter of the sporangium in 
length. Proliferation absent. Conidia usually numerous, intra- and extra-
matrical, 15-25~t in diameter, round, oval or somewhat irregular in shape 
and size in old cultures, may germinate at once but more usually do so after 
a short rest. Oogonia usually numerous, intra- and extra-matrical, some-
times formed very easily in culture, 20-25µ in diameter, spherical, terminal 
or intercalary. Antheridia up to three in number, from the same or another 
hypha as the oogonium, often formed close below the latter and not seldom 
hypogynal. Oospores 14-18µ in diameter not filling the oogonium, spherical, 
smooth, germinating after a rest of some months by a branching hypha. 
From soil: Europe and United States (12) 
·•6. Pythium rostratum Butler (12) 
Mycelium in water cultures large; hyphae up to 6 or even 8µ in diam., 
.and tapering gradually at the ends but never prolonged as fine filaments. 
Branching irregularly racemose. ·When old, the mycelium is sparingly 
:septate. Sporangia terminal or intercalary, spherical at first, oval later, 28µ 
in diameter as an average, ranging from 23-34µ. The tube of discharge is 
-very large and broad, usually about equal to the diameter of the sporangium 
and thickened about half way in its length in a characteristic fashion. It 
is usually lateral. Conidia rarely as frequent as sporangia and appear 
usually later. Oogonia usually intercalary or lateral are formed extra-
matrically. They measure about 21µ in diam. and are slightly longer than 
wide. They are completely filled by the oospore but the wall of the oogo-
nium can usually be made out. Antheridia usually single, arise from the 
<>ogonial hypha. They are often extremely short. Oospores are spherical, 
:smooth, 21µ in diam. on the average, ranging from 12-26µ. Germination 
not seen. 
From soil: France (12) 
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B. ASCOMYCETES 
III. Sphaeriales 
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VII. CHAETOMIACEAE 
10. Chaetomium Kunze and Schmidt 1817 (34) 
Fig. 10. Chaetomlum. 
b-ascus with ascospores. 
b 
a-perithecium; 
Perithecia superficial, thin-membra-
neous, with an apical tuft or bristles and. 
usually with an ostiolum; asci club-
shaped, evanescent; spores simple, hya--
line to dark brown, more or less com-
pressed. 
KEY TO THE SPECIES OF THE GENUS' 
CHAETOMIUM 
a. Apical hairs all simple. 
b. Hairs flexuous, numerous, 500--
700µ long, olivaceous. 
1. C. globosum. 
bb. Hairs contorted into loops or spi-
rals. 
c. Alternate loops in opposite di-
rections. 
2. C. crispatum. 
c. Spirally coiled. 
d. Hairs irregularly and spirally twisted at the tip. 
3. C. cochliodes. 
dd. Hairs more or less regularly coiled at tip. 
4. C. bostrychodes_ 
aa. Hairs all or partly branched. 
b. Hairs up to 500µ in length, deeply incrusted. 
5. C. indicum. 
bb. Hairs up to 375µ in length, smooth or slightly incrusted. 
6. C. funicola. 
1. Chaetomium globosum Kunze (34) 
Syn. Chaetomium olivaceum Cooke and Ellis 
Perithecia scattered or gregarious, broadly ovoid or ellipsoid, often. 
pointed at the base, 250-300 x 200-250µ, in fresh condition olivaceous, but 
in dry specimens dark-brown and membranaceous, thickly and evenly· 
clothed with slender, flexuous hairs; apical hairs somewhat coarser than the 
others, simple, sparingly septate, minutely scabrous, 3-4µ thick, often 700µ . 
long, in the fresh condition pale olivaceous, in dry condition light brown; 
asci oblong-clavate, the spore bearing part 35-40 x 12µ; spores yellow-brown,, 
globose ellipsoid, slightly apiculate at both ends, 9-12 x 8-9µ. 
From soil: United States: New Jersey (52) (53), New York (26) 
2. Chaetomium crispatum Fuckel (34) 
Perithecia more or less gregarious, broadly ovoid or sub-globose, reach--
ing a height of 400µ, membranaceous, dark-brown, thickly clothed with_ 
hairs; lateral and basal hairs smooth, septate, slender, pale-brown; apical. 
setae forming a dense, black, spherical mass, 700µ in diam. above the peri--
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thecium, rigid, densely and minutely encrusted, light brown and distinctly 
septate at the base, gradually becoming darker toward the tip which is dark 
brown, 11µ thick, indistinctly septate, and irregularly contorted into 6-8 
loops, alternate loops being in opposite directions; asci stipitate, the spore 
bearing part 82-100 x 10µ; paraphyses simple, elongate-clavate; spores 1 
seriate, globose, or globose ovoid, apiculate at both ends, 12-13 x 9-11µ, sub-
hyaline or fuscous at maturity. 
From soi.l : Japan ( 45) 
United States: Louisiana (2) 
•3. Chaetomiiim cochliodes Palliser (34) 
Perithecia scattered or gregarious, broadly ovoid to sub-globose, 300-
400µ in diameter, thin, membranaceous, dark-brown, thickly clothed with 
hairs; lateral and basal hairs pale-brown, septate, slender, not exceeding 
4µ in thickness even at the base, and gradually tapering toward the end; 
apical hairs extremely flexuous, almost from the base, at the end becoming 
irregularly spirally curved, usually smooth but occasionally minutely scab-
rous at the base, numerous, often forming a densely interwoven mass ex-
tending 700µ above the perithecium, spores sub-hyaline to pale brown, 
broadly ovoid to sub-globose, sometimes scarcely apiculate at the ends 9-11 
x 8-10µ. 
From soil: United States: California (53), Hawaii (53) , New Jersey 
(51) (52) 
4. Chaetomium bostrychodes Zopf. (13) 
Steel gray. Perithecia of medium size, extremely variable in shape, 
broadly ovate, globose or nearly cylindrical, generally with a bluntly pointed 
base, 340 x 220µ (168-350 x 131-230), frequently provided with black, 
straight or re-curved cirrhi. Lateral hairs not numerous, encrusted, clearly 
and evenly septate, tapering, at base dark olive-brown and about 3.8µ in 
thickness, at tips pale yellow or hyaline, frequently collapsed. Terminal 
hairs encrusted and roughened with spine-like projections throughout, at 
base straight or very slightly flexed, dark olive-brown to black and about 
4µ in thiclmess, slightly less colored at tips, always more or less spirally 
coiled but in this respect extremely varied. In the type either regularly 
coiled with seldom more than 5-7 convolutions which diminish almost im-
perceptibly in diameter toward the extremity, or irregularly coiled with 
two or three loose, irregular convolutions; in either case irregularly septate, 
producing along the convolutions one or more branches which in turn are 
septate and spirally coiled. Asci short, stout, club-shaped, 8 spored, 50 x 
12µ, pars sporif. 24µ. Spores when young greenish, hyaline, with granular 
contents, when mature pale with olive-brown tint, oval to nearly spherical, 
clearly or obscurely apiculate, or rounded at both ends, frequently with an 
elliptical, refractive area abreast of each end, a characteristic observed only 
in this species, 7.4 x 6µ ( 6.4-8 x 5.6-6.4) , when seen edgewise, compressed, 
4.8µ broad. 
From soil : United States: Iowa (33) 
5. Chaetominm indicum Corda (13) 
Black. Perithecia small, globose to verruciform, 180 by 160µ (105-200 
by 101-175), :firmly attached to the substratum by dark olive-brown to black 
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rhizoids. Lateral hairs comparatively few, rather rigid, septate, tapering 
to a blunt point or drawn out into a long, hyaline, collapsed tip, at base 
dark olive-brown to black, and about 5.3µ in thickness. Terminal hairs of 
two types which can be best clearly distinguished by studying the peri-
thecium at different ages; (a) hairs which first appear from the top of the 
perithecium and which do not form a dense mass, stout, dichotomously 
branched with branches reflexed and roughened by spine-like projections, 
at base dark olive-brown to black and about 7.5µ in thickness, fading only 
slightly or becoming hyaline at the terminal branches; (b) hairs which ap-
pear later, forming at first a tuft about the ostiole, profusely branched by 
narrow acute angles, branches never reflexed, alternately constricted and 
inflated, light olive-brown or yellow, finely roughened, terminal branchlets 
encrusted with clusters of acicular or prismatic crystals. Asci club-shaped, 
8-spored, 30 by 9.4µ. Spores hyaline when young, when mature dark, rich 
olive-brown, ovate to lemon-shaped, slightly apiculate at one or both ends, 
5.5 by 4.5µ (5.3 to 7 by 4.5 to 5.6µ). 
From soil: United States: Louisiana 
The following measurements were found for the soil culture: perithecia 
up to 235µ in diam.; hairs up to 550µ long; spores 5 to 5.5 by 3.5 to 4.5µ. 
•6. Chaetomium funicola Cooke (34) 
Perithecia more or less scattered, small, broadly ovoid, about 150-110µ, 
dark-brown, clothed on all sides with hairs; lateral hairs simple, compara-
tively short, smooth, rhizoids slender, pale-brown, flexuous; apical hairs 
of two kinds, simple and branched; simple hairs lanceolate, extending 375µ 
above the perithecium, smooth or nearly so, dark-brown or almost black 
at the base, gradually tapering to a point and becoming paler at the tip; 
branching hairs few in number or forming a mass 180µ above the perithe-
cium, sub-hyaline or pale-brown to dark-brown, sometimes encrusted, usual-
ly smooth, with numerous ramifications, sometimes regularly dichotomous, 
more often irregularly branched; branches short, 15-20µ, spores small, 
broadly obovoid, scarcely apiculate 4.5-6 x 3-4.5µ. 
From soil: United States: California (53), Maine (53) 
VIII. SORDARIACEAE 
11. Pleurage Fries 1849 (21) 
Perithecia scattered or aggregate, 
superficial or sunken; membranaceous 
or coriaceous, without stroma; asci with-
out an apical perforation, stretching at 
maturity; paraphyses ventricose or fili-
form-tubular, usually agglutinate and 
longer than the asci; spores ellipsoid, 
with or without primary appendages, 
but always havi:ng attached to them at 
maturity 2 or more hyaline, gelatinous, 
secondary appendages of variable length. 
b (' 
Fig. 11. Pleurage. a-perithecium; b-
ascus; c-asospore. (After Griffiths). 
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•i. Pleurage vermculosis Jensen (26) 
Perithecia scattered or aggregated, sunken but becoming partly to en-
tirely exposed at maturity, membranaceous to carbonaceous, black, opaque, 
350-750 by 225-375µ, pyriform to sub-globose, with straight or curved beak. 
Asci 4-spored, cylindrical, broadly rounded at apex and tapering below into 
a slender stipe, perforate, 90-150 x 11-16µ; paraphyses filiform, slightly 
tapering upward, longer than the asci, septate to articulate. Spores ver-
tically uniseriate, long ovate when young to sub-globose at maturity, ob-
tusely pointed above and broadly rounded to truncate below, germ pore 
prominent, strongly tuberculate, ranging in color from hyaline when young 
through brown to black at maturity, 12-14 x 16-18µ, primary appendage 
6-8µ and conic shortly after migration of protoplasm from below is com-
pleted and the septum is formed, at full maturity it becomes a shrunken 
hyaline appendage of 3-4µ in length; secondary appendages entirely want-
ing. 
From soil: United States: New York (26) 
12. Sporormia de Notaris 1849 (21) 
Perithecia globose or ovoid, sunken 
or less frequently superficial, with papilli-
form to cylindric beak, membranaceous 
to coriaceous and sometimes slightly brit-
tle; asci, cylindric to clavate with an in-
ternal membrane which is usually per-
forate at the apex; spores cylindric, 3-
many-septate, usually dark-brown and 
opaque and surrounded by a hyaline 
gelatinous envelope. 
•i. Sporormia fasciculata Jensen (26) 
~o 
-.- -
--
a 
Fig. 12. Sporonnla. a-perithecium ~ 
b-ascus; c-ascospores. (After Griffiths). 
Perithecia scattered or aggregated in small clusters, sunken, with smaH 
papilliform beak projecting to the surface, later many become partly ex-
posed, globose, then membranaceous, inclined to be brittle, black, opaque, 
250-525µ in diam. Asci 8-spored, broad clavate, broadly rounding above: 
and rapidly contracting just below spores to form a long slender stipe 45-60. 
x 16-30µ; stipe about two-fifths the length of the ascus; paraphyses absent. 
Sporidia fasciculate, straight or very slightly curved, 4-celled, rounded at 
both ends, deeply constricted and easily separating, 25-30 x 4-7µ, ranging 
in color from hyaline when young through light brown to dark brown~ 
opaque. 
From soil: United States: New York (26) 
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IV. Hypocreales 
IX. NECTRIACEAE 
13. Neonectria Wolleweber 1917 (61) 
Perithecia in context and shape close to 
Nectria, single or gregarious, bright colored; 
spores long, thin, ellipsoid resembling My-
cosphaerella, 1-many septate; conidia cylin-
dric, referred to Ramularia, chlamydospores 
in tercalary. 
Fig. 18. Neonedria. a-perithecla: 
b-ascus with aseospores; c-ronidia. 
(After Wollenweber). 
•1. Neonectria ramulariae Wollenweber (61) 
Syn. Ramttlaria magnusiana ( Saccardo) Lindau 
Perithecia solitary or aggregated in acervuli, red, 200-300 x 170-250µ, 
ovoid or globose; asci eight spored; spores in mass pale yellow, singly hya-
line, long, typically ellipsoid, 1-septate 12-15 x 3.25-4 ( 11-20 x 3-4.5) µ, in 
state of germination 1-3 septate; conidia cylindric or slightly dorsiventral, 
sometimes semiglobose or slightly apiculate at the base, 1-septate, 20-27 x 
3.5-4.5µ, rarely non-septate, very rarely 3-septate, in tubercular sporodochia 
or in minute pale yellow columns, erumpent from the host epidermis ; chla-
mydospores few, intercalary and at times formed within the walls of the 
conidia. 
From soil: United States: Texas (56) 
C. FlJ'NGI IMPERFECT! 
V. Sphaeropsidales 
X. SPHAERIOIDACEAE 
14. Phom.a (Fries) Desmazieres 1846 (37) 
Pycnidia globose or slightly lens-shaped 
with a small papilla at the apex, membrana-
ceous to leathery or almost carbonaceous, 
black. Spores small, egg-shaped, spindle-
shaped, cylindric or almost spherical, 1-celled, 
hyaline, usually with two oil drops. Con-
idiophores thread-like, seldom short, or al- b 
most lacking, simple or sometimes forked. 
Fig. 14. Phoma. a, b-pycnidia: 
c-conidla. 
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1. Phoma humicola n. sp. 
Colonies dark brown, broadly spread-
ing, largely submerged, with little aerial 
hyphae. Pycnidia dark brown to black, 
membranous, produced slowly but abun-
dantly, scattered, erumpent through the 
subicle, sub-globose to pyriform, with a 
short neck, from 150 by 125µ up to 600 
by 500µ in size. Conidia oblong or 
bacillate, with rounded ends, hyaline, 
9.5 to 12.5µ by 3 to 4µ. 
From soil: United States: Utah 
-
Fig. 15. Phoma humlcola, n. sp. a, b, 
c-pycnidia; d-conidia. 
15. Coniothyrium Corda 1840 (37) 
Pycnidia globose or flattened below 
with papillate mouth, black, membrana-
ceous to almost carbonaceous. Spores a 
globose or ellipsoid, small, brown, one-
celled. Conidiophores short, simple, or 
almost lacking. Fig. 16. Coniothyrium. a-pycnidium: 
b-conidia. 
KEY TO THE SPECIES OF CONIOTHYRIUM 
a. Spores small, 2.5 to 3 by 3.5 to 5.2µ. 
aa. Spores larger, 10 to 15 by 7 to 9µ. 
*1. Coniothyrfom fitckelii Saccardo (37) (52) 
1. C. fuckelii. 
2. C. terricola. 
Colonies at first white, subfloccose, later becoming all black, with white 
aerial mycelium; reverse at first creamy, later turning black. Pycnidia 
submerged, scattered, black, 180 to 200µ in diameter (Waksman (52) gives 
240 to 350µ), depressed, spherical, with scarcely apparent, slightly pro-
truded ostiolar papilla; spores very numerous, brown, elliptical, slightly 
apiculate at one end, 2.5 to 3.5µ by 3 to 5.2µ; sporophores not visible. 
From soil: United States: New Jersey (52) (53) 
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2. Coniothyrium terricola, n. sp. 
Colonies on bean agar broadly spread-
ing, orbicular, pure white at first, later be-
coming smooth and steel gray. Pycnidia 
submerged in the mycelium, scattered, dark 
brown or black, mostly 100 to 200µ in dia-
meter, globose to sub-globose, with small 
ostiolar papillae; spores very numerous, 
dark brown, elliptical, apiculate at both 
ends, 10 to 15µ long by 7 to 9µ broad; 
sporophores not observed. 
From soil: UI].ited States: Iowa, 
Louisiana 
16. Chaetomella Fuckel 1869 (18) 
Pycnidia superficial, sometimes short 
stipitate, without a mouth, but covered 
on the whole surface with long hairs. 
Spores cylindric or somewhat spindle-
shaped, somewhat curved, colored. Spo-
rophores simple or branched. 
1. Chaetomella horrida Oudemans (26) 
Mycelium creeping, from white to 
darkish, branched, septate; pycnidia 180 
x 140µ, superficial, scattered, ovate, with-
out ostiole, brown, in transmitted light 
dark brown, with setae on all sides; setae 
Fig. 17. Coniothyrium terricola, n. 
sp. 
of the old pycnidia rising high, down- Fig. 18. Chaetomella. 
ward black and opaque, upward lighter, conidia. a-pycnidium; b-
dark or dilute olive, septate, when young 
smooth, when old slightly roughened, once or many 
times dichotomously branched, ultimate branches awl: 
shaped; spores broad elliptical, biconvex, commonly 
apiculate on both ends, very dilute steel-colored, 5.5-7 
x 3.5-4µ; basiida toward the base dark, above hyaline, 
three times length of spores. 
From soil: Holland (32) 
United States: Iowa (1) (~) 
V. Moniliales 
XI. MONILIACEAE 
17. Oospora (Wallroth) Lindau (37) 
Turf spreading or cushiony, thread-like, loose or 
somewhat close. Hyphae creeping, septate. Fertile 
hyphae short, mostly simple. Conidia in regular chains, 
round or ~>Void, hyaline or bright colored. 
-Fig. 19. OosPora. 
(After Lindau). 
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1. Oospora lactis (Fresenius) Lindau (37) 
Syn. Oidium lactis Fresenius 
Colonies far spreading, membranaceous, velvety, pure white, often be-
coming a thick covering over the substratum. Hyphae simple or branched, 
creeping or somewhat ascending, hyaline, or variable length and breadth, 
mostly 6 to 12µ broad, breaking up into irregular pieces that are to be 
considered as spores; spores cylindrical to ovate, often also globose to scme-
what irregular in form, mostly 6 to 20µ long. 
Ifrom soil : Denmark ( 26), Germany ( 5) 
United States: New Jersey (52) (53) 
2. Oospora variabilis (Lindner) Lindau (37) 
Forms a white turf consisting of cells of many different forms. Form-
ing either threads of more or less long cells, which break up easily or spores 
with smal!, round buds, or yeast-like colonies. 
From soil : England ( 16) 
18. :Monllia (Persoon) Saccardo 1880 (37) 
Mycelium creeping, septate; conidiophores ascend-
ing or erect with dichotomous, racemose, or irregular 
branching, which is sparse or abundant; ~imple or 
branched conidial chains borne on the poi11ts of the 
branches or on small, blunt project.ions near the point. 
Conidia ovoid to elongate, ovoid, seldom globcse. hyaline 
or light colored, often united by isthmus-like connecting 
cells. Fig. 20. MonUla. (After ,Lindau). 
KEY TO THE SPECIES OF THE GENUS MONILIA 
a. Colonies white to gray. 
b. Colonies pure white, floccose; conidia ovoid, 12 to 15µ by 8 to 10µ. 
1. M. acremonium. 
bb. Colonies pure white, cottony; conidia lense-shaped, apiculate, 3 to 
5µ by 1 to 1.5µ. 
2. M. implicata. 
bbb. Colonies white, floccose; conidial masses re(!, conidia ovoid to cylin-
drical, 5 to 13.5µ. . '", 
aa. Colonies yellow to brown. 
' 3. M. sitophila. 
b. Colonies ochre yellow; conidia globose to elliptical, 3 to 5µ by 2 
to 3µ. • ., 
1 4. M. geophila. 
bb. Colonies buff brown; conidia. elliptical, JPl nlate, 5.5 to 7.5µ by 3 
to 4µ. . ,., • 
-: ' 5. M. brunnea . 
aaa. Colonies green. . ' 
b. Colonies cottony; conidia elliptical, apiculate, 4 to 10µ by 2 to 5µ. 
6. M. humicola. 
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.•L :Monilia acremonium Delacroix (37) 
Colonies spreading, somewhat fl.occose, white. Sterile hyphae creep-
ing, hyaline, sparsely septate, with oil drops present, 4 to 5µ thick. Coni-
diophores erect, often united in bundles, with numerous septa, bearing the 
<ionidial chains terminally. Conidia ovate-pyriform, somewhat truncate at 
the base, united by small connecting cells, 12 to 15µ by 8.5 to 10µ, hyaline. 
From soil : Holland ( 32) 
2. Jlonilia implicata n. sp. 
Colonies on Czapek's agar spreading, 
eottony to floccose, consisting of inter-
woven, hyaline, aerial hyphae and masses 
of very long, intertangled coniidal chains 
which spread over the medium; surface 
pure white, reverse colorless to cream. 
Conidiophores prostrate, arising laterally 
from aerial mycelium, thickly crowded on 
the fertile hyphae, tapering gradually 
toward the apex, hyaline, 20-100µ long. 
Conidial chains very long. Conidia lense-
.shaped, apiculate, hyaline, 3 to 4.3µ by 
1 to 1.5µ. Characters on bean agar 
:similar. 
From soil: United States: Louisiana Fig. 21. Monilla implicata, n. sp. 
•3. :Monilia sitophila (Mont.) Saccardo (52) 
Colonies white, floccose, spreading, conidial masses red. Vegetative 
hyphae hyaline, freely branched, septate; surface mycelium carries short 
branches from which the conidial chains arise. Conidia ovoid to cylindrical, 
.5.2 to 13.4µ in diam. 
From soil: New Jersey (52) (53) 
•4. :Monilia geophila Oudemans (37) 
Colonies yellow to ochre yellow, composed 
-0f creeping, hyaline, branched, sparsely sep-
tate hyphae loosely fl.occose. Conidiophores 
ascending or erect, with numerous septa, to-
ward the apex once or twice forked or irregu-
larly branched, with few short branchlets. 
Conidial chains borne on the points of the 
branchlets, singly or in twos. Conidia at first 
globose, then elliptical, yellowish white, 3 to 
.5µ long by 2 to 3µ. 
From soil : Holland ( 32) 
:5. :Monilia brunnea, n. sp. 
Colonies on Czapek's agar, round, not 
:spreading, densely floccose; aerial hyphae 
-creeping, densely interwoven, hyaline, 2.5 to 
Fig. 22. Monllla brunnea, n. ap. 
3µ in diameter; surface pale buff brown, reverse brown. Conidiophores 
.arise from aerial mycelium, scattered on the hyphae, 8 to 20µ long, narrow-
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ing abruptly near the apex to produce a short sterigmata-like cell which 
bears the conidial chains. Conidial chains often branched, short. Conidia 
elliptical, rather sharply pointed, smooth, light buff, 5.5 to 7.5µ by 3 to 4µ. 
Characters on bean agar similar. 
From soil: United States: Louisiana 
6. Monilia humicola Oudemans (26) 
Colonies orbicular, dense, at first nearly hyaline, later entirely green; 
sterile hyphae creeping, when young hyaline. Conidiophores ascending 
or erect, yellow or green, closely septate, branched; branches alternate or 
nearly opposite, once or twice dichotomously branched. Conidia in short 
chains, elliptical when mature, both ends apiculate, greenish, 4 to 10µ by 
2 to 5µ. 
From soil : Holland ( 32) 
United States: Louisiana, New Jersey (52) (53) 
SPECIES OF MONILIA OF DOUBTFUL RELATIONSHIP 
Mon ilia candida Bonorden 
Poorly described. From soil: Germany (5) 
M onilia koningi Oudemans 
Listed by Dale (16) as a synonym of Scopulariopsis rufulus Bainier. 
From soil: England (16), Holland (32) 
United States: Michigan (19) 
Monilia fimicola Cost. and Matr. 
Its isolation from the soil is very uncertain; see (37) 
19. Cephalosporiwn Corda 1839 (37) 
Sterile hyphae creeping. Conidiophores arise as 0 o b 0 
short branches of aerial hyphae, erect, non-septate, not '00 
swollen at the tip. Conidia borne singly at the tips of 
the conidiophores, being pushed to the side as they are 
formed successively, not falling away, but forming a 
transparent head enveloped by slime; conidia usually 
ovoid, hyaline or slightly colored. 
KEY TO THE SPECIES OF THE GENUS 
CEPHALOSPORIUM 
a. Colonies pure white, conidia 8-10 x 3.5-4.0µ. 
1. C. curtipes. d. 
aa. Colonies white at first, becoming rose-colored, con-
idiophores up to 60µ long. 
Fig. 23. Cephalos-
porium. (After Corda). 
2. C. acremonium. 
aaa. Colonies white with light rosy center, condiophores 100-200µ long. 
3. C. humicola. 
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1. Cephalosporium curtipes Sacc. (37) (52) 
Colonies on Czapek's agar spreading, felty to floccose, pure white, 
consisting of creeping, septate, dichotomously branched hyphae, reverse 
colorless. Conidiophores arise as branches of aerial hyphae; short, up to 
25µ long. Conidial heads round. Conidia elongate elliptical, hyaline, 9.0 
to 10.0µ by 3.5 to 4.0µ. 
From soil: United States: Colorado (53), Louisiana, New Jersey (52) 
(53), Porto Rico (53) 
2. Cephalosporium acremonium Corda (26) 
Colonies orbicular, dense, floccose, at first white, later very light rose-
colored; vegetative hyphae hyaline, sparsely septate, branched. Conidio-
phores arise as side branches of aerial hyphae, erect, simple, no:a-septate, 
40 to 60µ by 3µ. Conidia numerous, elliptical or oblong, straight or curved, 
nearly hyaline, 4.0 by 1.0 to 1.5µ. 
From soil : England ( 16), Holland ( 32) 
United States: New Jersey (52) (53) 
3. Cephalosporium humicola Oud. (26) 
Colonies orbicular, floccose, at first white, later with white margin 
and dilute rose-colored center; sterile hyphae septate, branched, hyaline, 
3.0 to 5.0µ thick, intermixed with segments which appear like chlamydo-
spores. Conidiophores erect, 100 to 200µ long, unbranched, non-septate; 
conidial heads 20.0 to 26.0µ in diam. Conidia globose, 2.3 to 2.5µ, almost 
hyaline. 
From soil: Holland (32) 
Cephalosporium koningi Oud (32) 
This species, the isolation of which is reported from the soil by Koning 
in Holland (32) and Waksman from Alaska soil, (53) is believed by Lin-
dau (37) to belong with the Mucoraceae because of the non-septate myce-
lium, the presence of chlamydospores, and the loose adherence of the con-
idia in the head. 
20. Trlchoderma (Persoon) Harz 1871 (37) 
Sterile hyphae creeping, septate, forming a flat, 
firm turf. Conidiophores erect, arising from short, 
branched side-branches, branching usually opposite, not 
swollen at the apex and bearing terminally the conidial 
heads. Conidia small, mostly globose, bright colored or 
hyaline. 
Oo 
ooob 
0 
Fig. 24. Trichoder-
ma. 
KEY TO THE SPECIES OF THE GENUS TRICHODERMA 
a. Colonies with mature fruiting areas white. 
1. T. album. 
aa. Colonies with mature fruiting areas green. 
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b. Colonies floccose, surface light green, conidia elliptical. 
2. T. koningi. 
bb. Colonies tufted, strict, not floccose. 
c. Surface deep green, conidia globose. 
3. T. lignorum. 
cc. Surface yellow to yellow-green, conidia ovoid to elliptical. 
4. T. glaucum. 
1. Trichoderma album Preuss 
This fungus produces practically no growth on Czapek's agar. A few 
transparent hyphae spread over the medium, visible only when held up to 
the light. Scattered tufts of white aerial hyphae develop, with little or 
no fruiting. On bean agar, colonies, thin, spreading, small, white tufts of 
aerial mycelium and conidiophores developing in about two weeks. Con-
idiophores arise from aerial mycelium, branched, up to 25 or 30µ in length, 
bearing terminal heads up to 15µ in diam. Conidia elliptical to oval, 
hyaline, 2.5-3.2 by 1.5-2.0µ. 
From soil: United States: Iowa, Louisiana (53), New Jersey (53) 
2. Trichoderma koningi Oudemans (3) 
Colonies on Czapek's agar spreading, floccose, white at first, becoming 
light green in four to five days; may show various shades of light green, 
but never becomes deep green ; reverse colorless. Vegetative hyphae sep-
tate, hyaline. Conidiophores arise as branches of aerial mycelium, alter-
nate or opposite, up to 25µ in height by 3.0 in diameter, di- or trichotom-
ously branched. Fruiting heads up to 10µ in diam. ; conidia oblong to 
elliptical, 3.2 to 4.8µ long by 1.8 to 3.0µ wide, smooth, hyaline. 
From soil : England ( 16), Holland ( 32), Japan ( 45) 
United States: Alaska (53), California (53), Hawaii (53), Iowa (1) 
(3) (53), Louisiana (2), Maine (53), Michigan (19), New Jersey (52) 
(53), New York (26), Oregon (53), Porto Rico (53), Rhode Island (38), 
Utah 
3. Trichoderma lignoriim (Tode) Harz. (3) 
Colonies on Czapek's agar broadly spreading, hyaline; fruiting areas 
appear as tufts, white at first, and becoming various deep green shades 
with age; reverse colorless. Conidiophores arise as branches of aerial myce-
lium, septate, up to 70µ in height by 3.0µ in diam., di- or tri-chotomously 
branched, occasionally forming whorls. Conidial heads up to 10µ in diam. ; 
conidia globose to ovoid, smooth, 3.8 to 3.2µ in diam. 
From soil: Canada (53), England (16) 
United States: Iowa (3), Louisiana (2) (53), Maine (53), Oregon 
(53), New Jersey (52) (53), New York (26), Porto Rico (53), Utah 
4. Trichoderma glaucum Abbott (3) 
Colonies on Czapek's agar spreading; at first only a thin, sterile, myce-
lial film covers the surface of the medium. White aerial mycelium develops 
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1n five to seven days, followed in ten days by the appearance of the yellow 
fruiting areas, which change through shades of chartreuse yellow to citron 
<>r lime green. Vegetative mycelium hyaline, 3.0 to 6.0µ thick, multiseptate, 
and freely branched; cells are often short and swollen or barrel shaped. 
•Conidiophores arise as side branches, alternately, oppositely or irregularly 
branched; up to 60µ in height by 3.0µ in width. Conidial heads 6.5µ to 
10.0µ in diam. Conidia smooth, hyaline, ovoid, 3.8 to 5.0µ by 2.5 to 3.0µ, 
:mode 4.0 by 3.0µ. 
From soil: United States: Iowa '(3) 
From Goddard's description of T. nigrovirens (20) it is believed that 
he was working with T. lignorum. 
:21. Aspergillus Micheli 1729 (Corda 1840) (51) 
Vegetative mycelium consisting of 
;septate branching hyphae, colorless; con-
idial appaartus developed as stalks and 
heads from specialized enlarged, thick-
walled hyphal cells (foot-cells) produc-
ing conidiophores as branches approxi-
mately perpendicular to the long axis 
<>f the foot-cells; conidiophores non-sep- !i 
tate or septate, usually enlarging up- ii 
ward and broadening into elliptical, ~! : o. 
hemispherical, or globose fertile vesicles 
bearing sterigmata, either parallel and 
·clustered in terminal groups or radiat-
ing from the entire surface; sterigmata 
in one series, or as a primary series, each · Fig. 26. A1peririllu1. a-head with sterig-
mata in two series ; b-head with sterig-bearing a cluster of two to several secon- mata in one series. 
-dary sterigmata at the apex; conidia 
varying greatly in color, size, shape, and markings, successively cut off from 
the tips of the sterigmata by cross-walls, and forming unbranched chains 
.arranged into radiate heads or packed into columnar masses; perithecia 
found in certain species only; sclerotia regularly found in some strains, 
'°ccasionally found in others. 
KEY ·ro THE SPECIES OF ASPERGILLUS* 
.a. Conidial heads some shade of green. 
b. Stalks smooth. 
c. Vesicle cylindrical clavate, stalks coarse. 
1. A. clavatus. 
cc. Vesicle flask-shaped or globose, not cylindrical clavate. 
d. Sterigmata in one series. 
e. Conidia mostly elliptical and more than 4µ long. 
f. Yellow perithecia commonly found. 
2. A glaucus group. 
(A. repens) 
* The key to this genus is adapted from that of Thom and Church (51) to include 
o0nly those forms isolated from the soil. 
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££. Perithecia not found; heads enclosed in slime when ripe. 
3. A. coniciis. 
ee. Conidia mostly globose, 4µ or less; conidial heads in narrow, 
solid columns. 
dd. Sterigmata in two series. 
e. Conidial chains in columns. 
ee. Conidial chains in radiate heads. 
£. Heads blue green. 
4. A. fumigatiis. 
5. A. nidulans. 
6. A. sydowi. 
2£. Heads glaucus, green or yellow green. 
7. A. versicolor. 
3£. Heads gray green to brown green. 
8. A. minutus. 
bb. Stalks pitted, often appearing rough, conidial heads yellow green. 
aa. Conidial heads never green. 
b. Stalks smooth. 
c. Conidial heads avellaneous or brown. 
d. Conidial heads in columns. 
e. Conidial heads avellaneous. 
9. A. flavus group. 
(A. humus) 
10. A. terreus. 
ee. Conidial heads pale buff, stalks yellow, commonly with sulfur 
yellow sclerotia. 
11. A. flavipes. 
2c. Heads orange to umber, colony usually fioccose. 
12. A. wentii. 
3c. Heads sulfur yellow. 
13. A. sulphureus. 
4c. Heads white, radiate. 
d. Surface powdery, sterigmata in 2 series. 
dd. Surface fioccose, sterigmata in 1 series. · 
5c. Heads pink, radiate. 
6c. Heads brown to black. 
1. Heads chocolate brown. 
2. Heads black. 
bb. Stalks pitted or apparently rough. 
c. Heads yellow to ochre, radiate. 
d. Heads in ochraceous shades. 
14. A. candidus. 
15. A. koningi. 
A. candidus group. 
16. A. luchuensis. 
17. A. niger. 
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e. Sterigmata in two series. 
18. A. ochraceous. 
ee. Sterigmata in one series. 
19. A. terricola. 
dd. Heads orange to umber or brown. 
20. A. tamarii. 
1. Aspergillus clavatus Desm. (51) 
Colonies on Czapek's agar gray green to dark green, densely matted, 
heavy, rapidly growing and spreading; reverse and agar more or less 
brownish, conidiophores with walls smooth, colorless, up to one to several 
millimeters in length, commonly 15-20µ in diameter, gradually enlarged 
at the apex into a clavate vesicle which is fertile over an area up to 150µ 
long by 20 to 25µ in longest diam. ; sterigmata 7 to 10 by 2 to 3µ, in a 
single series, densely covering the fertile area, bearing long chains which 
frequently adhere more or less into masses; conidia elliptical, green, 2.5 
to 3.4 to 4.5µ, smooth. Perithecia not found. 
From soil: United States: Iowa (1) (3), New Jersey (52) (53), Texas 
(53) 
2. Aspergillus glaucus group TC (51) 
Syn. A. repens, A. glaucus, A. olivaceous 
Heads green; stalks smooth, septate; sterigmata in one series; conidia 
predominantly elliptical, more than 5µ long, mostly with roughly pitted 
wall, rarely smooth; most species produce sessile, globose, cleistocarpic 
yellow to orange perithecia with membranous walls, borne above the sur-
face of the medium and producing disk-shaped ascospores, colorless or 
nearly so. 
Conidial heads some shade of green ; color of heads frequently masked 
by the development of yellow to red granular incrustations of the aerial 
sterile hyphae, by red or yellow pigment in the substratum, and by the 
yellow to orange color of the perithecia. Stalks septate, smooth, either 
produced as very short branches of aerial mycelium or long and arising 
directly from the substratum; vesicles varying from only slight apical dila-
tions of the stalk to globose; sterigmata in one series. Conidia elliptical to 
oval or globose, usually more than 5µ long, rough or echinulate, sometimes 
smooth ; green. 
From soil: England (15) (16), Germany (5), Japan (45) 
United States: Iowa (1) (3) (33), Louisiana (2), Michigan (19), New 
Jersey (52) (53) 
3. Aspergillus conicus Blochwitz ( 51) 
Colonies slow growing, forming a slimy, convoluted or buckled mass 
with submerged irregular margin, colorless, then green to dark green or 
almost black ; reverse dark green to black; stalks and heads sometimes erect 
and free from slime at first, but later enveloped in a mass of greasy slime. 
Conidiophores short, 100 to 200µ long; vesicles up to 20µ in diam., fertile 
mostly at the apex only; sterigmata of the A. glaucus type, 5-10 by 2-4µ; 
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in some strains developing into secondary stalks bearing little heads; con-
1.dia elliptical, 4-6 by 3-3.5µ, in some strains smooth, in others up to 8µ 
1ong, becoming thick walled and rough. Perithecia not found. 
From soil : England ( 16), Europe ( 51) 
United States: Iowa (33) 
4. Aspergillus f umigatus Fresenius ( 51) 
'Syn. Probably A. calyptratus 
Colonies on Czapek's agar in some strains strictly velvety, in others 
with varying amounts of tufted aerial mycelium up to felted floccose forms, 
green to dark green, becoming almost black in age, spreading. Reverse 
and substratum, colorless to yellow. Conidiophores short, usually densely 
-crowded, up to 300µ (occasionally 500µ), by 2 to 8µ in diam., arising direct-
'ly from submerged hyphae or as branches from aerial hyphae, septate or 
non-septate, gradually enlarged, upward, with apical flask-shaped vesicles 
up to 20 to 30µ in diam., fertile usually only on the upper half, bearing 
:sterigmata in one series, usually 6 to 8µ by 2 to 3µ, crowded, closely packed, 
with axis roughly parallel to axis of the stalk; chains of conidia form solid 
<columns up to 400 by 50µ; conidia dark green in mass, globose, 2 to 3.5µ, 
·mostly 2.5 to 3µ. 
From soil: Japan (45) 
United States: Iowa (1) (3) (33) (53), Louisiana (2), North Dakota 
·(53), New York (26), New Jersey (52) (53), Oregon (52), Texas (52) 
'(53) (56), Utah 
:5. Aspergillus nidulans (Eidam) Winter (51) 
Colonies on Czapek's agar, white to yellowish green, or fairly deep 
;green, velvety to more or less floccose in purely conidial areas; becoming 
-definitely floccose when perithecia are forming, reverse and agar usually 
more or less reddish to dark red or reddish brown; conidiophores more or 
'less flexuous, septate or non-septate, commonly 50 to 100µ, less often 200µ 
]ong, by 3 to 5µ in diam., increasing gradually to a dome-like vesicle 7 to 
15µ in diam., bearing sterigmata in two series, parallel with axis of the 
:stalk; primary sterigmata varying, 5 to 8µ by 2 to 3µ; secondary sterigmata 
7 to 10µ by 2 to 2.5µ; conidia globose, up to 3 or 3.5µ, occasionally to 4µ 
in diam., smooth or rough, greenish, in parallel chains in columns up to 
100 to 200µ in length by 30 to 50µ in diam. 
Perithecia (when present) up to 200 to 300µ in diam., surrounded 
·by floccose white to gray mycelium; perithecial walls thin, brittle, from 
·pink to deep red or almost black. Asci pink to purple, numerous, filling the 
perithecia, 8-spored; asci and purple-red ascospores varying in size. 
From soil: Japan (45) 
Dinted States: Colorado (52) (53), Iowa (1) (3) (33) (53), Michigan 
(19) (20), New Jersey (52) (53) 
•6. Aspergillus sydowi (Bainier and Sartory) Thom and Church (51) 
Colonies on Czapek's agar blue green, with the bluish effect prominent, 
-velvety, with some aerial interlacing and trailing hyphae; reverse and sub-
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stratum shades of orange to red, becoming almost black; conidiophores 
mostly arise from submerged hyphae, up to 500µ by 4 to 8µ, colorless,. 
smooth, thick-walled; heads radiate or globose; vesicles 12 to 20µ in diam. ; 
sterigmata radiate in two series primary up to 7 by 2 to 3µ, secondary T 
to 10 by 2µ; conidia globose 2.5 to 3.5µ, spinulose. No sclerotia or peri--
thecia found. 
From soil: United States: Iowa (33), Louisiana, Utah 
7. Aspergilfas versicolor (Vuillemin) Tiraboschi (51) 
A. globosus Jensen 
A . tiraboschi, Corbone 
A. diversicolor, Waksman 
Colonies on Czapek's agar white, passing through shades of yellow, 
orange-yellow, buff to pea green or sage green, with green color occasionally 
entirely suppressed to produce orange buff to almost flesh colored strains ;: 
reverse and agar from yellow through orange to rose or red; surface growth 
in some strains consisting almost entirely of conidiophores (velvety), in 
others showing marked development of floccose, sterile hyphae; conidio-
phores, when arising separately from the substratum, up to 500 or 700µi 
long by 5 to 10µ in diam., walls smooth, 1 to 1.5µ thick; heads becoming-
100 to 125µ in diam., subglobose to globose or more or less calyptrate ;-
vesicles 12 to 20µ in diam., occasionally globose, usually flask-shaped, fertile" 
on the upper two-thirds, with radiating sterigmata in two series; primary 
sterigmata 3 to 5µ by 3 to 10µ; secondary sterigmata 1.5 to 2µ by 5 to 10µ;; 
conidia globose, usually delicately roughened, 2.5 to 3 or 4µ, usually in 
loosely radiating chains. 
From soils: England (16) 
United States: Alaska (53), California (53), Iowa (3) (33), Louisi-
ana (2), New Jersey (52) (53), New York (26), Utah 
8. Aspergillus minutus Abbott (3) 
Colonies on Czapek's agar white at first, becoming neutral gray with 
the appearance of fruiting areas, and changing through shades of green· 
gray or brown gray, finally becoming dark olive to brown or almost black 
in some strains. Surface velvety to more or less cottony or closely :floccose ;-
reverse various shades of yellow to orange, often deepening to brown with 
age. Conidiophores ~eptate, arising as short side branches of aerial myce-
lium, 30 to 60µ long by 3µ in diam., rarely attaining a height of 125µ; als0> 
arise directly from substratum, up to 250µ. Heads round and radiate in 
young cultures, later tending toward calyptriform; vesicles small, 8 to l8J.t. 
in diam., globose; sterigmata in two series, primary 4.8 to 6.5µ by 3.5 to• 
3.8µ, secondary 4.8 by 3.2µ. Conidia globose verrucose, light green brown 
in mass, 3.2 to 4.5µ in diam., mode 3.5µ. Sclerotia or perithecia not found .. 
From soil: United States: Illinois, Iowa (3), Louisiana (2) 
9. Aspergillus flavus Link (51) 
Colonies on Czapek 's agar widely spreading, with :floccosity limited to. 
scanty growth of a few aerial hyphae in older areas. Conidial areas rang-
278 J. C. GILMAN AND E. V. ABBOTT 
ing in color :from sea-foam yellow through chartreuse yellow, citron green 
or lime green to mignonette green; reverse and agar uncolored or yellow, 
or buff. Conidiophores arise separately :from the substratum, 400 to 700 
or 1000µ long by 5 to 15µ in diameter, broadening upward, walls so pitted 
as to appear rough or spiny with low magnification, occasionally granular, 
gradually enlarging upward to form a vesicle 10 to 30 or 40µ in diameter. 
Heads in every colony vary :from small with a few chains of conidia to 
· large columnar masses or both mixed in the same area; small heads with 
small dome-like vesicles and single series of a few sterigmata up to 10 to 
15µ by 3 to 5µ; larger heads partly with simple sterigmata, partly with 
branched or double series, or with both in the same head; primary sterig-
mata 7 to 10µ by 3 to 4µ; secondary 7 to 10 by 2.5 to 3.5µ; conidia pyriform 
to almost globose, colorless to yellow-green, sometimes almost smooth, usually 
rough, varying from 2 by 3µ, 3 by 4µ, 4 by 5µ, or 5 by 6µ in diam., or even 
larger. Sclerotia at first white, then brown, hard, parenchymatous. Peri-
thecia not found. 
From soil: 
United States: California (52) (53), Hawaii (53), Iowa (1) (3), 
Louisiana ( 2) ( 53), New Jersey ( 53), Porto Rico ( 53), Texas ( 53), Utah 
10. Aspergillus terreus Thom (51) 
Syn. A. venetiis Mass. (56) 
Colonies on Czapek's agar from tints of pinkish cinnamon through 
cinnamon to deeper brown shades in age, spreading, velvety, or in some 
strains developing definite fl.occosity or anastomosing ropes of aerial hy-
phae ; reverse and agar from pale or bright yellow to fairly deep browns. 
Conidiophores to 150 or even 250µ long by 5 to 8µ, more or less fl.exuous, 
with walls smooth, septate or nonseptate, with apex enlarged to form a 
vesicle commonly 12 to 18µ, occasionally up to 25µ in diam., bearing sterig-
mata usually in two series upon its dome-like upper surface; primary 
sterigmata 7 to 9µ by 2 to 2.5µ; secondary 5 to 7µ by 2 to 2.5µ; secondary 
5 to 7µ by 2 to 2.5µ; closely packed. Heads becoming solid columnar masses 
up to 500µ long by 50µ in diam. ; conidia elliptical to globose, 2.2 to 2.5µ 
or even 3µ in diam., smooth, in long, parallel, adherent chains. Perithecia 
not found. 
From soil: United States: California ( 49) ( 51), Connecticut ( 49), 
Iowa (3) (33), Louisiana (2), New Jersey (49), Texas (49 (51) (56), 
Utah, Virginia (49) 
11. Aspergillus flavipes Group Thom and Church (51) 
(Aspergillus flavipes Bainier and Sartory) 
Colonies on Czapek's agar white at first, becoming yellowish, in some 
strains forming more or less abundant, closely woven, yellow masses con-
taining many helicoid to horse-shoe shaped, thick-walled cells ("Hillle" 
cells) . Reverse yellow to orange or brown. Heads mostly columnar or 
calyptriform masses, commonly persistently white, but with some strains 
in pale avellaneous shades to deep avellaneous. Conidiophores 300 to 500µ 
by 4 to 5µ, or up to 2 to 3 mm. in length and 8 to 10µ in diam., smooth ; 
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vesicles subglobose or elliptical up to 20 by 30µ; sterigmata in two series, 
primary 4 to 7 or 8µ by 2 to 3µ, secondary 5 to 8 by 1.5 to 2µ; conidia 2 
to 3µ, smooth, subglobose, colorless or nearly so. 
The soil strains of this species are usually characterized by the abun-
dant production of sulphur yellow sclerotial masses of cells. 
From soil: United States: Iowa ( 3), Louisiana (2) 
12. Aspergillus wentii Wehmer (51) 
Colonies on Czapek's agar deeply floccose, spreading, with sterile hy-
phae, white or yellowish, and with heads white at first, changing through 
cream, cream buff, honey yellow, old gold, to light brownish olive, medal 
bronze, or in old cultures sometimes snuff brown (Ridgway LV, XVI, XXX, 
and XXIX); in some strains producing large masses of aerial mycelium 
which in tubes may fill the lumen 3 cm. above the substratum; reverse 
yellowish at first, becoming reddish brown when old; agar frequently colored 
yellow. Conidiophores 2 or 3 or up to 5 mm. long, 10 to 12 or 25µ in diam., 
1- to 2- septate, walls thick, smooth, enlarged at tips to vesicles varying 
up to 80µ in diam.; heads large, yellow to brown, radiate; sterigmata usual-
ly in two series, primary varying greatly, 6 to 8µ, occasionally to 15µ by 
3 to 5µ; secondary 6 to 8 by 3~l; conidia pyriform to globose, usually 4 to 
5µ, less commonly up to 5 or 6µ; walls often pitted or furrowed, frequently 
appearing smooth or nearly so. Perithecia have not been found; sclerotia 
have been occasionally but not uniformly produced. 
From soil : Iowa ( 3), Louisiana ( 2), Oregon ( 50) 
13. Aspergillus ,sulphitreus (Fresenius) Thom and Church (51) 
Colonies on Czapek's agar powdery, sulfur yellow in color, reverse 
brown. Conidiophores arise from aerial hyphae, up to 200µ in length (up 
to 1000µ on bean agar), stalk walls smooth. Heads loose columns of coni-
dial chains, rarely radiate; sterigmata in two series. Conidia globose, thick-
walled, smooth, 3.0 to 3.5µ. 
From soil: United States: Iowa, Louisiana 
14. Aspergillus candidus group Thom and Church (51) 
(Aspergillus candidus Link) 
Colonies on Czapek's agar white, or becoming cream or yellowish cream 
in age; surface growth usually stalks and heads with scanty sterile myce-
lium, or anastomosing ropes of hyphae bearing short fertile stalks. Conidio-
phores vary with the strain, less than 500µ long up to 1000µ or longer by 
5µ or 10 or 20µ in diam., walls thick, smooth; heads white, globose, radiate, 
varying from large globose masses 200 to 300µ in diam., to small heads less 
than 100µ in diam. ; vesicles typically globose, up to 50µ in very large heads, 
fertile over the whole surface; sterigmata typically in two series, primary 
5 to 10µ or even 15 to 20µ long, secondary 5 to 8 by 2 to 2.5 or 3µ; conidia 
colorless, globose, smooth, 2.5 to 3.5 or 4µ. Sclerotia occasionally produced. 
A fungus having the general morphology of the A. candidus group 
but producing bright pink conidial heads, has been found commonly in 
Louisiana soils. Because of the similar morphology it was classified with 
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the A. candidus group. Some strains produce yellow sclerotia which are 
similar to those of A. candidus. 
Production of bright yellow sclerotial masses have been observed in 
certain white strains of A. candidus which are found commonly in the soiL 
From soil : England ( 15) 
United States: Iowa (3), Louisiana (2), Texas (56) 
15. Aspergillus koningi Oudemans 
Colonies on Czapek's agar spreading, closely fl.occose, (never powdery 
as in A. candid us) vegetative hyphae creeping, septate, hyaline; surface 
creamy white, reverse colorless. Aerial mycelium abundant, conidiophores 
comparatively sparsely produced. Conidiophores arise from aerial myce-
lium, non-septate, hyaline, straight or :fl.exuous, smooth; vesicles 16 to 20µ. 
in diam.; heads radiate; sterigmata in one series, 8 to 10 by 2.5µ; conidia 
globose, cream colored, smooth, 3µ in diam. (Modified from the original) . 
From soil: United States: Iowa (3), New York (26) 
This species which was isolated once from Iowa soil is not listed with 
the accepted species of Thom and Church, but is mentioned by Thom as 
an intermediate :form, probably related to the A. glaucus gro1tp. However, 
it is never green. Following their key it would be placed in the A. candidus 
group. It is distinguished from A. candidus, however, by being fl.occose as 
opposed to powdery, and by having the sterigmata in a single series. The 
cream color of the surface is also different from the pure white which 
characterizes most of the strains of the A. candidus group. Because of these 
differences, the specific name A. koningi is retained here. 
16. Aspergillus luchuensis Inui (50) 
This form differs from A. niger in showing a single series of sterigmata 
7 to 9 by 5µ, with conidia 4 to 4.5µ and finely roughened. Conidiophores 
up to 2.5 mm. by 10 to 15µ, smooth ; vesicles 20 to 40µ in diam., showing 
pores or marking when sterigmata fall off; sterigmata in one series, 6 by 3µ. 
From soil: United States: Louisiana (2) 
17. Aspergillus niger Group Thom and Church (50) 
(A. niger van Tieghem) 
(A. fuscus, Schumann) 
Colonies on Czapek's agar rapidly growing with abundant submerged 
mycelium, in some strains with more or less yellow color in the hyphae, 
aerial hyphae usually scantily produced; reverse usually without color. 
Conidiophores mostly arise directly from the substratum, smooth, septate 
or non-septate, varying greatly in length and diameter, 200 to 400µ by 7 
to 10µ, or several millimeters long and 20µ in diam. ; conidial heads fuscous, 
blackish brown, purple brown, in every shade to carbonaceous black, vary-
ing from small, almost columnar masses of a few conidial chains to the 
more common globose or radiate heads, up to 300, 500 or 1000µ long; vesicles 
globose, commonly 20 to 50, up to 100µ in diam.; sterigmata typically in 
two series, thickly covering the vesicle, primary varying greatly in length, 
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secondary 6 to 10 by 2 to 3µ; conidia globose, at first smooth, but later 
spinulose with coloring substance, mostly 2.5 to 4µ, less frequently 5µ. Glo-
bose, superficial sclerotia produced in some strains, but not common. 
· From soil: England (15) (16), Japan (45) 
United States: California (52) (53), Iowa (1) (3) (33), Louisiana 
(2) (53), New Jersey (52) (53), Porto Rico (53), Rhode Island (38), 
Texas ( 53), Utah 
18. Aspergillus ochraceous Wilhelm (51) 
Colonies on Czapek's agar ochraceous shades, consisting of conidio-
phores and conidial heads with little aerial mycelium. Conidiophores vari-
able in length, commonly several millimeters, rough or pitted, yellow, bear-
ing large, radiate conidial heads. Vesicles globose 60 to 75µ in diam. ; 
sterigmata in two series, primary commonly 15 to 30µ long, although 
sometimes longer, secondary 7 to 10µ by 1.5 to 2µ; conidia globose to ellip-
tical, smooth or delicately spinulose, yellow, 3.5 by 5µ or 3.5 to 4 or 4.5µ. 
Orange to vinaceous or purple sclerotia commonly present. 
From soil: United States: Iowa, Louisiana (2), Texas (55) 
•19. Aspergillus terricola Marchal (51) 
Colonies on Czapek's agar with colorless submerged mycelium; con-
idial areas at first yellow, then golden, and finally fulvous; stalks 1 to 2 
mm. high up to 20 to 25µ in diam., septate; heads up to 500µ in diam. ; 
vesicles 30 to 50µ in diam., nearly globose, and fertile over nearly the entire 
surface; sterigmata in one series, 8 to 12µ by 3 to 4µ, with long, loosely 
radiating conidial chains. Conidia yellow or golden, then brown, lemon-
shaped, 5 to 9 by 5 to 6µ, rough from irregularly branching ridges of yellow 
to brown coloring matter between the inner and outer wall. Sclerotia are 
occasionally found. 
Aspergillus terricola var. americana Marchal (51) 
Colonies on Czapek's agar from shades near yellow ochre to brown or 
umbrinus; aerial growth consisting of crowded conidiophores 300 to 600µ 
by 6 to 8µ, walls pitted; heads radiate; vesicles up to 20µ in diam.; sterig-
mata in one series, 7 to 10µ by 2 to 4µ; conidia tuberculate from the pres-
ence of color bars, ovate, :from 3 by 5µ up to 5 by 7µ or nearly globose, 
usually about 5.5µ, occasionally 5 to 8µ. 
From soil: United States: Georgia ( 41) 
•20. Aspergillus tamarii Kita ( 51) 
Colonies on Czapek's agar spreading broadly, with vegetative hyphae 
mostly submerged, with fruiting areas at first colorless, then passing through 
orange-yellow shades to brown in old colonies, light brownish olive, huffy 
citrine, medal bronze, or raw umber, (Ridgway XXX, XVI, LV, III) not 
showing true green ; reverse uncolored or occasionally pinkish ; stalks aris-
ing :from submerged hyphae, up to 1 to 2 mm. in length, 10 to 20µ in diam., 
increasing in diameter toward the apex and passing rather abruptly into 
vesicles; vesicles 25 to 50~' in diam.; heads vary greatly in size in the same 
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fruiting area, from more or less columnar to nearly but not complete glo-
bose and up to 350µ in diam., with radiating chains and columns of con-
idia; sterigmata in one series in small heads, in two series in large heads, 
primary commonly 7 to 10µ by 3 to 4µ, secondary 7 to 10µ by 3µ; conidia 
more or less pyriform to globose, 5, 6, or up to 8µ in diameter, rough from 
masses of coloring matter. Sclerotia occasionally produced, usually purple 
or reddish purple, globose to pyriform with apex white. 
From soil: United States (50) 
Species of Aspergillus of doiibtfitl relationship; specific names not 
accepted by Thom and Church (51) 
Aspergillus calyptratus Oudemans 
According to Thom and Church (51) most of the fungi listed under 
this specific name are probably A. fumigatus. 
From soil: Holland (32) from decaying wood in soil 
United States: Michigan (20), New Jersey (52) (53), Texas (51) 
Aspergillus oryzae Cohn 
The isolation of this species from the soil was reported by Takahashi 
( 45). Since this organism is associated with the soy and sake fermentations 
and probably does not occur normally in soils, it was omitted from the key. 
22. Amblyosporium Fresenius 1863 (37) 
Sterile hyphae creeping, septate, branched. Con-
idiophores erect, septate, not swollen at the apex, but 
terminating in a number of irregular branches, on which 
the conidial chains are borne. Conidia long, barrel-
shaped, in chains, bright-colored. 
1. Amblyosporium echinulatum Oud. (26) 
Colonies orbicular, gray green; vegetative hyphae 
hyaline, articulate, branched; fertile hyphae swollen at 
tip, up to 200µ high, hyaline toward the base, toward 
the apex with dilute gray green branches; branches 
basidia-like, closely and repeatedly verticillate or spirally 
arranged, lageniform, continuous, 25µ high; conidia 
catenulate, at first hyaline and globose, afterward dilute 
gray green and ovoid or broadly elliptical, truncate at 
ends, apiculate, very minutely spiny, 8 to 12µ by 6 to 9µ. 
From soil : Holland ( 32) 
23. Penicillium Link 1809 
FiK.° 26. Amblyos-
porium. (After Lin-
dau). 
Vegetative hyphae creeping, septate, branched; conidiophores erect, 
usually unbranched, septate, at the apex with a verticil of erect primary 
branches, each with a verticil of secondary and sometimes tertiary branch-
lets; or with a verticil of conidia-bearing cells (phialides) borne directly 
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on the slightly inflated 
apex of the conidio-
phores; sometimes with 
secondary conidiophores 
borne on the apex of the 
main conidiophore; con-
idia borne in chains 
which typically form a 
brush-like head, not en-
closed in slime; well-
differentiated foot-cells 
not present; conidia glo-
bose, ovoid, or elliptical, 
smooth or rough. 
,
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Fig. 27. Penlcilllum. a-head with three stages: al-primary 
branches ; a2-metulae ; a-3phlalldes : b-habit sketch of head with 
two stages ; e-Aspergilloldes type of head. showing secondary 
conidiophores; d-habit sketch of aspergilloides type; e-mono-
verticillate heed; f, g-scopulariopsis type of head. 
The limits of the genus Penicillium have been interpreted in a broad 
sense to include not only those species which produce well developed peni-
cillate conidial heads, but also the monoverticillate forms. In the latter 
the fruiting heads in a single culture may vary from one, two, or three 
short chains of conidia on a single verticil of phialides to one in which 
several chains are aggregated into a brush-like head, and in which both 
metulae and phialides are present. Bainier (7) erected the genus Scopu-
lariopsis to include the Monilia-like species which produce only a few short 
chains of conidia borne on a simple verticil of phialides. Wehmer's genus 
Citromyces (54) includes the species with penicillate heads in which the 
apex of the conidiophore is inflated and bears a single verticil of phialides. 
Citric acid production was also given as a generic character of this group. 
Such forms are not typical members of the genus Penicillium, and yet 
it is often difficult to draw a sufficiently sharp line of distinction between 
the groups to justify placing them in separate genera. In the Scopulariop-
sis group, particularly, species are found with fruiting structures varying 
from a single short chain of conidia on a conidiophore to a more or less well 
developed penicillate head. From the literature it is evident that the 
different workers who have studied these groups are not in agreement as 
to their proper taxonomic position. Since the morphological differences 
observed by the authors did not seem great enough to justify the differen-
tiation of these related groups into several genera, it was deemed advisable 
to include them as sections of the genus Penicillium. 
It might appear that consistency in following this broad definition of 
Penicillium would make necessary the inclusion of the Gliocladium species 
in the genus, since the latter differ principally from Penicillium in having 
the conidial heads enclosed in mucus or slime. In the species examined, 
however, the production of slime which encloses the fruiting head was al-
ways marked, and no difficulty was experienced in determining the group 
to which the organism belonged. 
In a previous paper (3) the opinion was expressed by one of us that 
both the Aspergilloides group of Sopp ( 44) and the Citromyces group of 
Wehmer (54) should be classified in the genus Aspergillus because of the 
inflated apex of the conidiophore. Thom and Church (51), however, have 
proposed to use the presence of a foot cell as an arbitrary character to dis-
tinguish the genus Aspergillus from related forms lacking this character. 
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Their position is accepted by the authors. Aspergillus minutus Abbott, 
which was thought to belong to the Aspergilloides group because of the 
short conidiophores and small vesicle, shows a well developed foot cell, and 
is therefore a true Aspergillus. The same is true of "Aspergillus humus 
Abbott, which was thought to be a member of the Aspergillopsis group of 
Sopp. Considering the broad characterization of the Aspergillus flavus 
group as given by Thom and Church, A. humus becomes a member of this 
group species, which may or may not have branched conidiophores. 
Following Biourge (9), the term phialides is used to designate the 
conidia-bearing cell. This organ has been called sterigma, basidium, and 
conidiiferous cell by different workers. No one of these terms has come 
into general use, however, and since there are objections to the use of the 
latter three, phialides was accepted as a convenient term. The supports of 
the phialides are termed metulae, following Wehmer. Primary branch, 
the meaning of which is self-evident, is used to designate the supports of 
the metulae in the triverticillate group. 
In preparing the key presented here, Biourge's (9) main divisions of 
the genus were accepted as a basis. His two sub-genera Eupenicillium and 
J\fonoverticillium, and the sections within the sub-genus Eupenicillium, are 
based on natural characters, and seem to offer a satisfactory working basis. 
Biourge 's sub-sections, however, are artificial and are based upon characters 
which are apt to be somewhat variable. Thom's key to specific characters 
was used in some instances. The principle of priority was followed in nam-
ing the sub-genera and the sections. 
Sopp ( 44) isolated a considerable number of species of Penicillium 
from the soil, but only those which were identified were included in the 
key. His descriptions for the most part are ,rather inadequate, and do not 
contain sufficient information to enable separation of his species in a key. 
KEY TO THE SPECIES OF THE GENUS PENICILLIUM 
a. At least two stages to the conidial fructification; phialides ( conidia-
bearing cells) , and metulae (the supports of the phialides). 
Subgenus Eupenicillium. 
b. Fructification typically with three stages: phialides, metulae, and 
primary branches. 
Section Bulliardium. 
c. Producing white sclerotia. 
1. P. italicum. 
cc. Not producing white sclerotia. 
d. With tendency toward coremia formation. 
e. Coremia prominent, colonies closely floccose, conidiophores 
rough or spiny. 
2. P. cyclopium. 
ee. Coremia small, often lacking in soil strains, conidiophores 
smooth, colonies velvety. 
3. P. expansum. 
dd. Without coremia. 
e. Colonies floccose or cottony. 
f. Colonies spreading by stolons. 
4. P. stolon if erum. 
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' ff. Colonies not spreading by stolons. 
g. Conidiophores long, up to 750µ long, colonies blue 
green. 
5. P. notatum. 
gg. Conidiophores not exceeding 150µ. 
h. Colonies deep green, reverse reddened. 
6. P. funiculosum. 
hh. Colonies gray green, reverse colorless. 
7. P. biforme. 
ee. Colonies velvety or strict, not fl.occose. 
f. Surface bright leaf green. 
8. P. viridicatum. 
2f. Surface bright green, chains from each verticil m the 
head in dense divergent columns. 
9. P. atramentosum. 
3f. Colonies gray-green or blue-green, broadly spreading. 
g. Conidia globose, 4-5µ, reverse white to yellowish. 
10. P. roqueforti. 
2g. Conidia elliptical to globose, 2 x 3.3 or 3-3.4µ, reverse 
browned. 
3. P. expansum. 
3g. Conidia elliptical to globose 3-4µ, reverse uncolored. 
11. P. commune. 
bb. Fructification typically with two stages only, metulae and phialides. 
Section Biverticilli1tm. 
c. Growing colonies with prmninently yellow areas, reverse yellow 
to orange or red. 
d. Red or yellow sclerotial masses abundant. 
12. P. luteum. 
e. Red or yellow sclerotial masses absent. 
f. Colonies with sterile areas yellow and conidial areas 
changing through yellow shades to green. 
g. Conidial fructification a dense column. 
13. P. rubrum. 
2g. Conidial fructification not a dense column. 
h. Surface changing through yellow and pink shades 
to light gray-green; medium colored deep red to 
purple. 
14. P. purpurogenum. 
2h. Surface dark green, reverse bright orange. 
15. P. rugulosum. 
3h. Surface dark green to olive, reverse colorless to 
yellow or red. 
16. P. duclauxi. 
4h. Surface sulfur yellow, becoming olive-green. 
17. P. humicola. 
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ff. Colonies developing yellow and green areas together which 
remain more or less permanently mixed. 
18. P. pinophilum. 
cc. Growing colonies with no yellow color. 
d. Metulae inflated at the apex. 
e. Colonies from blue green shades to olive green. 
19. P. citrinum. 
dd. Metulae not inflated at the apex. 
e. Colonies shades of clear dark green. 
f. Colonies velvety, spreading, heads in close columns. 
20. P. oxalicum. 
ff. Colonies velvety, restricted, crateriform, heads in loose 
columns. 
21. P. craterif orme. 
ee. Colonies gray green or pale green shades. 
f. Conidia echinulate, metulae often absent. 
22. P. echinatum. 
ff. Conidia smooth, metulae always present. 
g. Colonies cottony, mixed gray and green, conidiophores 
up to 300µ. 
23. P. chrysogenum. 
2g. Colonies velvety, grayish olive, conidiophores up to 
200µ. 
24. P. digitatum. 
3g. Colonies floccose, greenish gray, conidiophores up to 
50µ. 
25. P. intricatum. 
aa. Conidial fructification with phfalides only. 
Subgenus Monoverticillium. 
b. Apex of conidiophores inflated (sometimes only very slightly), and 
bearing conidial chains on phialides. 
Section Aspergilloides. 
c. With secondary conidiophores arising from the inflated apex of 
the main conidiophores, each apically inflated and bearing a ver-
ticil of phialides. 
d. Colonies sulfur yellow at first, becoming yellow-green to gray-
green. 
26. P. albidttm. 
dd. Colonies olive gray, never with yellow color. 
27. P. acidof erum. 
cc. Without secondary conidiophores. ( Oitromyces W ehmer) 
d. Colonies blue-green, conidiophores up to 400 or 500µ long. 
e. Colonies floccose. 
28. P. lividum. 
ee. Colonies powdery, not floccose. 
29. P. frequentans. 
dd. Colonies gray or olive green, conidiophores up to 75µ long. 
A SUMMARY OF THE SOIL FUNGI 
e. Colonies floccose or cottony. 
:£. Conidia and elements o:f :fructification smooth. 
30. P. pf efferianum. 
:£:£. Conidia and elements o:f :fructi:fication rugulose. 
31. P. cinerascens. 
ee. Colonies strictly velvety, never floccose. 
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:£. Surface dark grayish olive, swelling at apex o:f conidio-
phore 3-4µ in diameter. 
32. P. restrictum. 
:£:£. Surface gray-green, swelling at apex o:f conidiophore up 
to 15µ in diameter. 
33. P. glabrum. 
bb. Apex o:f conidiophores not inflated, conidial chains borne directly 
on the conidiophores (Monilia-like) or on phialides in loose, usually 
divergent, heads. 
Section Scopulariopsis. 
c. Mature colonies gray, gray-green, or green. 
d. Reverse and substratum reddish orange to deep wine red, grow-
ing colonies with pink shades. 
34. P. guttulosum. 
dd. Reverse and substratum colorless, growing colonies without 
pink shades. 
e. Conidiophores short, up to 100µ, conidia smooth. 
35. P. decumbens. 
ee. Conidiophores up to 1000µ, conidia echinulate. 
22. P. echinatum. 
cc. Mature colonies never green. 
d. Colonies pale lilac, reverse colorless, heads loose, not columnar. 
36. P. lilacinum. 
2d. Colonies vinaceous to violet, reverse vinaceous to deep wine 
red, heads in loose columns. 
37. P. vinaceum. 
3d. Colonies yellowish brown to chocolate, velvety. 
38. P. brevicaule. 
4d. Colonies white, becoming yellowish. 
39. P. costantini. 
Subgenus Eupenicillium Biourge 1923 (9) 
At least two stages to the conidial :fructification: phialides ( conidia-
bearing cells), and metulae (the supports o:f the phialides). 
Section Bulliardium Biourge 1920 (9) 
Fructification typically with three stages: phialides, metulae, and pri-
mary branches. 
1. Penicillium italicum Wehmer ( 47) 
Colonies on bean agar broadly spreading, bluish green, becoming gray-
green when old; reverse commonly brownish ; color in medium none or 
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slight. Conidiophores arise either directly from the substratum or as 
branches of aerial hyphae, 100 to 600µ long, averaging 250µ. Conidial 
fructification up to 300µ or more in length, usually in three stages, phialides 
12 to 14µ by 3µ. Chains of conidia loosely divergent, long; conidia 3 to 
5µ by 2 to 4µ, cylindrical to elliptical or slightly ovate. Numerous white 
sclerotia are produced upon the surface of the medium after two or three 
weeks growth. 
From soil: United States: California (52) (53), Iowa (3), Louisiana, 
Oregon (53) 
2. Penicillium cyclopiitm Westling 
Colonies on Czapek's agar composed largely of coremiform masses, 
broadly spreading, loose; surface light blue-green; reverse light buff to 
reddish buff or orange. Conidiophores arise mostly as coremia, intertwined, 
directly from the substartum, up to 1 mm. or more in length, unbranched 
or dichotomously branched, each branch being also once or twice dichotom-
ously branched near the apex. Heads long, columnar masses up to 350µ 
in length; fructi:fication usually in three stages, sometimes· four, elements 
closely appressed, metulae oblong 8 to 10µ by 1.8 to 2.5µ; phialides 4 to 6µ 
by 1.5 to 2µ. Conidiophores and elements of fructification delicately spinu-
lose. Conidia globose to ovate, smooth, 2 to 3µ in diameter. 
Westling (57) gives 9.5 to 14µ by 3.2 to 4.4µ for metulae, 8 to 9µ by 
2.2 to 2.8µ for phialides, and 2.6 to 3.2µ for conidia. 
From soil: England (16) 
United States: New Jersey (52) (53), Oregon (53), Porto Rico (53), 
Utah 
3. Penicillium expansum (Link) Thom (47) 
Colonies on bean agar green or gray green, broadly spreading, becom-
ing brown with age, floccose, often with concentric zones. Soil strains rare-
ly produce coremia in artificial culture. Reverse brown; color in medium, 
none to brownish. Conidiophores either very short lateral branches of 
aerial hyphae or very long, 1 mm. or more, arising singly or sometimes 
grouped to form coremia. Conidial fructification typically in three stages, 
130 to 200µ by 50 to 60µ, consisting of one to three primary branches bear-
ing verticils of metulae supporting crowded whorls of phialides ; phialides 
8 to 10µ by 2 to 3µ. Conidia elliptical to globose, 2 to 3.3µ or 3 to 3.4µ, 
green. 
From soil: England (16), Germany (5) 
United States: California (53), Idaho (36), Iowa (1) (3) , Louisiana 
(2), New Jersey (52) (53), New York (26), North Dakota (53), Utah 
•4. Penicillium stoloniferum Thom ( 47) 
Colonies on bean agar green or yellowish green, becoming gray-green 
or gray when old, floccose, spreading by aerial stolons. Conidiophores arise 
as short branches of aerial hyphae up to 100µ, or arising separately 300µ 
or more in length. Conidial fructification 40 to 80µ or rarely up to 170µ 
long; usually in three stages, phialides 10 by 3µ. Conidia slightly elliptical 
or globose, 2.8 to 3.4µ, smooth, yellowish-green in mass. 
From soil: England (16) 
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... 5. Penicillium notation Westling (57) 
Colonies on gelatin spreading, floccose, surface bright blue-green, later 
becoming darker; reverse yellow. Conidiophores usually arise from sub-
merged mycelium but also from aerial hyphae, sometimes branched, up to 
750µ long by 2.8 to 4.6µ broad. Heads 45 to 135µ long; fructification in 
three stages (see Biourge (9) ; Westling's drawings indicate two); metulae 
10.5 to 14µ by 3 to 4.6µ; phialides 7 to 8µ by 2.2 to 3µ. Conidiophores and 
elements of fructification smooth. Conidia globose to oval, 2.6 to 3.2µ in 
·diameter. 
From soil: United States: California (53), New Jersey (52) (53) 
'6. Penicilliwn fiinicnlosum Thom (47) 
Colonies on bean agar deep green, broadly spreading, surface closely 
floccose ; reverse and medium red or purple to almost black. Conidiophores 
arise laterally from aerial hyphae, the latter commonly in ropes; occasional-
ly arise directly from the substratum, 20 to 80 or 100µ long. Conidial 
fructification in three stages, up to 160µ long, columnar; phialides 10 to 
14µ by 2 to 3µ, in dehse, parallel verticils. Conidia elliptical, 3 to 4µ by 
·2 to 3µ, green, smooth. 
From soil: United States: Iowa (3), Louisiana (2) 
Thom ( 48) classifies this species in the section Biverticillatae, although 
his drawings ( 47) show a brush in 3 stages. 
7. Penicillium biforme Thom ( 47) 
Colonies on Czapek's agar broadly spreading, gray-green, becoming 
brownish to olive, restricted in growth, densely floccose ; reverse cream; 
icolor in medium, none. Conidiophores arise from aerial mycelium, 60 to 
150µ long. Conidial fructification usually in three stages, 60 to 240µ long; 
phialides 8 to 13µ by 3µ ; conidia elliptical to globose, 3.2 to 3.5µ by 4 to 
4.3 or 4µ. 
From soil: England (16) 
United States: Iowa (33) 
:8. P enicillium viridicatum Westling ( 56) 
Colonies on Czapek's or bean agar velvety, .slowly spreading; surface 
bright leaf green, sometimes with shades of blue green; reverse colorless 
to buff or brown shades. Aerial sterile mycelium not abundant, usually 
warty and rough; colonies consist mostly of conidiophores and heads. Con-
idiophores usually arise from the substratum, but also from aerial mycelium, 
75 to 250µ by 4 to 6µ. Heads vary from loose, almost radiate masses of 
chains, to loose columns. Fructification in three stages, usually with one 
primary branch arising laterally, a second primary branch being the pro-
longation of the conidiophore through the center of the head. Primary 
branches variable in length, 17 to 30µ by 3 to 4µ; metulae 13 to 20µ by 
:3.5 to 4µ; phialides 7 .5 to 10.5µ by 2.5 to 3µ. Some heads have only metulae 
.and phialides. Conidia smooth, globose, light green, 3 to 4µ in diameter. 
Westling's (57) measurements are: conidiophores 600 by 4.4 to 6.5µ; 
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metulae 10.5 to 12µ by 4 to 5.6µ; phialides 8 to 9.6µ by 3.2 to 3.5µ; conidia 
3 to 3.8µ. 
From soil : England ( 16) 
United States: Idaho (36), Iowa, New Jersey (52) (53), Porto Rico 
(53) 
9. Penicillium atramentosum Thom (47) 
Colonies on bean agar bright green, becoming brown when old; reverse 
uncolored or yellow; color in medium, none. Conidiophores 240 to 400µ, 
averaging about 300µ in length. Conidial fructification up to 200µ in 
length, usually 100µ or less; metulae and phialides in divergent verticils; 
the conidial chains from each verticil form a dense column, which diverges 
more or less from the other columns when old; phialides 8 to 10µ long, close-
ly parallel. Conidia elliptical, 3.5 to 4µ by 2.5 to 3µ smooth, light yellowish-
green. 
From soil: United States: Iowa (33), New Jersey (52) (53) 
10. Penicilli1tm roqueforti Thom ( 47) 
Colonies on bean agar broadly spreading, velvety, gray-green, to clear 
green, becoming brownish when old; reverse colorless or cream to yellowish. 
color in medium, none. Conidiophores arise from submerged hyphae, 20C 
to 300µ long. Conidial fructification 90 to 160µ by 30 to 60µ, usually 
appearing double by the divergence of the lowest branch, usually in three 
stages; metulae irregularly verticillate, bearing crowded verticils of ap-
pressed phialides, 9 to 11µ by 2.5µ, with long, divergent chains of conidia. 
Conidia bluish-green, cylindrical to globose, smooth, 4 to 5µ in diameter. 
From soil: United States: Iowa (1) (3), Maine (53) 
11. Penicillium commune Thom (46) 
Colonies on bean agar dull green, becoming brown when old, broadly 
spreading, with broad white growing margin composed only of conidio-
phores, in the older parts becoiuing fl.occose masses of inter-woven hyphae; 
reverse not colored. Conidiophores commonly 300µ or less in length, some-
times up to 700µ. Conidial fructifications commonly 100 to 200µ in length, 
in three stages, compact at the base and broadening above, variously 
branched, with branches appressed; phialides 8 to 9µ by 3µ. Conidia ellip-
tical to globose, 3 to 4µ, smooth, green. 
From soil: United States: Iowa (1) (3), New Jersey (52) (53) 
Section Biverticillium Dierckx (17) 
Fructification typically with two stages: metulae and phialides. 
12. Penicillittm litte1tm Zukal ( 47) 
Colonies on bean or Czapek's agar white at :first, then yellow, with few 
pale green conidial areas, and with abundant bright yellow to red sclerotia. 
Colonies commonly consist almost entirely of sclerotial areas with scant 
production of conidia. Reverse of colonies red. Conidiophores scantily 
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produced, mostly as lateral branches of aerial hyphae, 20 to 100µ by 3µ. 
Conidial fructification in two stages, up to 80µ in length, phialides 13 to 
16µ by 3 to 4µ. Conidia elliptical to fusiform, 2.4 by 2.3µ, greenish, smooth. 
From soil: United States: Iowa (1) (3) (53), Louisiana (53), New 
Jersey (52) (53); Texas (56) 
13. Penicillium rubrnm Stoll ( 47) 
Colonies on bean agar from green through ochraceous to ochraceous 
red with varying conditions; consisting of green conidia with yellow myce-
lium in sugar media; aerial portion velvety or very closely floccose; reverse 
yellowish to red; coloring medium in old cultures. Conidiophores arise 
directly from substratum or as very short lateral branches of aerial hyphae, 
15 to 30µ by 3 to 3.5µ, slightly swollen at the apex. Conidial fructification 
in two stages, usually massed into a heavy column with a broad triangular 
base, 100 to 200µ in length; metulae slightly swollen at the apex; phialides 
10 to 13µ by 2 to 3µ. Conidia elliptical to globose, 3.4 by 2µ or 2.4 to 3.3µ, 
yellowish green to green, smooth. 
From soil: United States: Louisiana (2) 
14. Penicillimn purpurogenum Stoll (47) 
Colonies on Czapek 's agar slowly spreading, very closely floccose to 
almost velvety, white at first, becoming yellow to pinkish shades, and finally 
light gray-green; reverse and medium colored deep red to purple. Con-
idiophores arise from aerial mycelium, up to 100 or 300µ long. Conidial 
fructifications consist of long, divergent chains, up to 100µ long, in two 
stages; metulae 10 to 16µ by 2 to 2.5µ; phialides 11 to 12µ by 2.5µ. Con-
idia elliptical, 3.4 to 3.8µ by 2 to 2.5µ, smooth, pale green. 
From soil: Canada (53) 
United States: Iowa (3), Louisiana (2), New Jersey (52) (53) 
15. Penicillium rugitlosum Thom (47) 
Colonies on bean agar yellowish green, then green, and finally dark 
green; surface growth of densely crowded conidiophores with few aerial 
hyphae; reverse yellow to bright orange; medium slightly colored. Con-
idiophores arise separately or as branches of aerial hyphae, up to 200µ by 
2.5 to 3µ. Conidial fructifications typically in two stages, (sometimes 
three), up to 150µ long, conidial chains divergent; phialides 9 to 12µ by 
2µ. Conidia 3.4 to 3.8µ by 2.5 to 3µ, elliptical, green, verrucose when 
mature. 
From soil : England ( 15) 
United States: Iowa (3), New Jersey (52) (53), Porto Rico (53) 
16. Penicillium duclauxi Delacroix ( 47) 
Colonies on bean agar clear deep green to olive green, often brown 
when old, strict, consisting of short crowded conidiophores arising for the 
most part singly from the substratum; reverse and medium yellow to red. 
Conidiophores short, 10 to 50µ long. Conidial fructifications simple, 100µ 
or 160µ in length, consisting of a terminal whorl of phialides or with both 
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metulae and phialides; phialides 10 to 12µ long. Conidia elliptical, green, 
.smooth when young, rugulose when mature, 3.6 to 4µ by 2 to 2.5µ. 
From soil: Japan (45) 
United States: Iowa (3) · 
·17. Penicillium humicola Oudemans 
Colonies on Czapek's agar cottony or floccose, not broadly spreading, 
with bright yellow aerial mycelium and olive to gray green fruiting areas. 
Young colonies are bright yellow shades, becoming green as fruiting areas 
. develop, reverse nearly colorless to orange or reddish. Colonies consist of 
densely woven aerial hyphae and conidiophores, the latter arising both 
directly from the substratum and from aerial hyphae up to 135µ long. Heads 
loosely penicillate and straggling, breaking up easily; fructification in two 
·stages, a single verticil of oblong metulae bearing the elongate and slightly 
pointed phialides; metulae 9.5 to 11.5µ by 2 to 3µ; phialides 6.5 to 8µ by 
·1 to 2µ. Some heads have phialides only. Conidia ovoid to globose, smooth, 
.-olive green, 2 to 3µ by 1.5 to 2µ. 
From soil : Holland ( 32) , Japan ( 45) 
United States: Idaho (36), Iowa, Louisiana, Michigan (19), New York 
(26) 
"18. Penicillium pinophilum Hedgcock ( 47) 
Colonies on Czapek's agar cottony or very closely floccose, surface from 
:green through various shades of mixed green, yellow, and red ; reverse and 
medium red. Conidiophores arise as short side branches of aerial hyphae, 
·the latter often in ropes, up to 200µ long. Conidial fructifications in two 
·stages up to 120µ long, chains parallel but not in columns; metulae 10 to 
16µ by 2 to 2.5µ; phialides acuminate, 13 to 15µ by 2 to 2.5µ. Conidia 
-elliptical, smooth, pale green or yellow, 3 to 3.6µ by 2µ. 
From soil: United States: Iowa (1) (3), Louisiana (2), New Jersey 
(52) (53) 
19. Penicillium citrinum Thom ( 47) 
Colonies on bean agar bluish-green to clear green, becoming olive to 
·brownish olive when old, usually with sterile white margin; reverse yellow. 
Aerial part of colony consists of densely standing conidiophores except in 
·the center, where tufts of aerial hyphae arise. Conidiophores arise separate-
ly from submerged hyphae or from mycelium on the surface, usually up 
to 150µ in length (rarely 300µ). Conidial fructifications up to 150µ in 
·1ength (rarely 300µ). Conidial fructifications up to 150µ in length, in two 
stages; metulae 16 to 30µ by 3µ, enlarged at the apex to 5µ each producing 
a compact verticil of phialides 6 to 7µ by; 2 to 3µ. Conidial chains in 
columns, a separate column arising from each verticil of cells, so that the 
fructification may appear double, triple, or more complex. Conidia globose, 
·2.4 to 3 or 3.5µ, green, slightly granular. 
From soil: United States: Iowa (3), Louisiana (2) 
··20. Penicillimn oxalicitm Thom (14) 
Colonies on Czapek's agar, ivy green, velvety, spreading widely with 
:surface growth of conidiophores only ; reverse pale yellow ; agar uncolored 
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or only slightly colored; conidiophores up to 200µ by 3.3 to 5.4µ, enlarged 
to 5µ at the apex. Conidial fructifications consist of a single verticil of 
2 to 3 branches (metulae) 15 to 20~t by 3.5µ appressed, bearing verticils 
of phialides 10 to 14µ by 2.5 to 3.5µ, in parallel whorls which bear conidial 
chains in close columns. Conidia at first cylindrical, then elliptical, from. 
2 by 3, 2 by 4, 2 by 5, up to 3.5 by 5µ. 
From soil: United States: Iowa, New 
Jersey (52) (53) 
21. Penicillium crateriforrne n. sp. 
Colonies on Czapek's agar small, 
round, restricted, velvety, consisting of 
coniidophores and heads with little aerial 
mycelium; surface deep dark green to dull 
blackish green (XLI) ; reverse colorless, 
or reddish in old cultures. Conidiophores 
densely crowded, arising from the sub-
stratum or from surface hyphae, up to 
250µ long, mostly 100-150µ. Fructification 
a loose column, not divergent, not densely 
packed up to 225µ long; in two stages, 
metulae oblong, 8.5 to 11.5µ by 3 to 4µ; 
phialides flask-shaped, 6.5 to 9.5µ by 2 
to 3µ. Conidia globose to slightly ovoid, 
smooth, light green, 2.5 to 3µ. 
c 
From soil: United States: Louisiana. Fig. 28. Peniclllium craterlforme, n_ 
sp. a, b-habit sketches ; c-conidiophore-
22. Penicilliiim echinatum Dale (36) 
Colonies on Czapek's agar white to gray, gray-green, pale green, or-
pale bluish green, when old becoming various shades of gray and brown, 
spreading slowly but broadly with usually a white sterile margin through-
out the growing period and slow development of colored fruit from the 
center outward, surface growth from velvety at the margin with center-
floccose to floecose out to the very edge of the colony, some strains zonate, 
reverse of colony at first colorless, in some strains remaining so, in others· 
developing colors, a succession of colors appearing in series so that different 
strains become finally yellow, orange, orange-red, rosy, or even deep red, 
agar not discolored beyond the areas of immediate contact. Conidiophores 
either rising directly from the substratum or as branches of aerial hyphae, 
from very short up to 1000µ in length, or longer, slender mostly, 2 to 4µ 
in diameter, with walls smooth in some strains, slightly granular or rough-
ened in others, or showing both conditions in the same culture ; conidial 
fructifications variously branched from a single terminal verticil of phialides 
to a verticil of metulae, including the main stalk prolonged and a single 
branch or a whorl of branches, more rarely twice verticillate or partly so; 
sterigmata few in each verticil, mostly slender 7 to 10µ by 2 to 2.5µ, narrow-
ing to a slender tube from which the conidia are formed. Conidia at first 
definitely elliptical, 1 to 2.5µ in diameter, becoming 3 or 3.5µ in age, con-
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tinuing elliptical or becoming almost globose, either smooth or delicately 
roughened, or both conditions in the same strain. 
From soil : England ( 36) 
United States: Idaho (36), Iowa (33) 
This species is attributed to Dale since it was so referred to by Dr. 
Church in private correspondence with Mr. Frederick S. Paine. The or-
iginal description which was prepared by Dr. Thom from a fungus received 
from Miss Dale, was published without name in Pratt's paper on soil fungi 
(36). 
This species often has monoverticillate heads as well as biverticillate. 
As noted in the description there are seldom more than two metulae, one 
a prolongation of the main stalk, and one a side branch. In the strain 
isolated from Iowa soil, the monoverticillate heads were predominant. 
23. Penicillium chrysogenum Thom ( 47) 
Colonies on bean or Czapek's agar gray green or mixed green and 
gray, becoming brownish when old, cottony to subfl.occose, broadly spread-
ing, with broad, sterile margin when young; reverse commonly yellow; 
medium uncolored. Conidiophores mostly arising separately, up to 300µ 
long; some as short branches of aerial hyphae. Conidial fructifications 100 
to 200µ long, with one or two alternate, divergent branches; usually in two 
stages, but may also have three; phialides 8 by 2.5µ. Conidia elliptical, 
becoming globose, 3 to 4µ, pale green. 
From soil: United States: California (52), Colorado (53), Iowa (1) 
(3) (33), Louisiana (53), New York (26), New Jersey (53), North Dakota 
(53), Porto Rico (53), Utah 
•24. Penicillium digitatum Saccardo ( 47) 
Colonies on bean agar grayish olive, aerial portion consisting only of 
very short conidiophores and conidia; surface grayish olive; reverse com-
monly brown to black. Conidiophores arise directly from the substratum 
30 to 100µ by 4 to 5µ, usually very short. Conidial fructifications a few 
tangled conidial chains up to 160µ in length, in two stages; phialides 13 
to 16µ by 3 to 4µ. Conidia cylindrical to almost globose, 4 to 7µ by 6 to 8µ, 
often uneven in size and shape in the same chain. 
From soil: United States: New Jersey (52) (53) 
25. Penicillium intrica,tum Thom ( 47) 
Colonies on bean agar gray, greenish gray, when old gray or smoky, 
fl.occose; reverse and medium colorless to yellow. Conidiophores sometimes 
terminal, more commonly branches of aerial hyphae, 30 to 50µ long. Con-
idial fructifications 50 to 140µ long, becoming longer in old cultures, usually 
in two stages, often only simple verticils of phialides or 1-3 verticils on 
divergent metulae; phialides 8 to 10µ by 2 to 2.5µ. Conidial chains more 
or less divergent, frequently aggregated into a loose column. Conidia ellip-
tical or globose, hyaline or pale green, smooth, granular within 2.5 to 3µ. 
From soil: England (15) 
United States: Connecticut (47), Iowa (1) (3), New Jersey (53) 
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Subgenus Monoverticillium Biourge (9) 
Conidial fructification with phialides only. 
Section Aspergilloides Sopp ( 44) 
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Apex of conidiophores inflated (sometimes only very slightly), and 
bearing conidial chains on phialides. 
26. Penicillium albidum Sopp 
Colonies on bean agar floccose, 
not broadly spreading, white at first, 
becoming bright yellow, then yellow-
ish green as fruiting areas develop, 
and finally olive to brownish olive in 
old cultures; reverse various shades 
of orange. Aerial hyphae abundant, 
yellowish green in color, warty, often 
in ropes, from which the conidiophores 
arise as branches. Conidiophores sep- 6 
tate, yellowish green, warty, inflated 
at the apex to form a vesicle, from 
which several secondary, apically in-
flated conidiophores arise. These bear 
the conidial heads. Fructi:fication a 
single verticil of appressed phialides Fig. 29. Penicllllam albldam. a-habit sketch: 
b-conidiophore, showing secondary conidio-
which bear the conidial chains, the vhores. 
whole a dense column up to 75µ long 
when young, but becoming long, dense, calyptriform masses in old cultures, 
up to 250µ long. Conidiophores 20 to 55µ long; primary vesicle usually 
about 5µ in diameter ; secondary conidiophores 6 to 8µ long by 2µ thick; 
secondary vesicle 3µ in diameter; phialides flask-shaped, 4.5 to 7µ by 0.7 
to 1.5µ. Conidia globose, light yellowish green, thick walled, finely rough-
ened under oil, 2.5 to 3.2µ in diameter. Sopp ( 44) gives 3-4µ for conidia. 
From soil: Norway ( 44) 
United States: Louisiana 
27. Penicillium acidoferum Sopp 
Colonies on Czapek's or bean agar slow-
ly spreading, cottony or closely floccose; sur-
face olive gray; reverse orange buff; pig-
ment diffuses into the medium. Aerial hy-
phae abundant, smooth; hyaline, creeping. 
Conidiophores arise from aerial hyphae as 
short side branches up to 40 or 50µ long, 
unbranched, or once or twice branched at 
the apex; each branch bears a terminal head 
of conidial chains, which are loosely colum-
nar, up to 75 or 100µ long, and usually with 
5 to 10 chains in each head; apex of con-
idiophores slightly inflated; phialides 6.5 to 
8.5µ long by 2 to 3µ thick. Conidia globose, 
light green, delicately rugulose under oil, Fig. 80. Penicilliam acidoferam. a-habit sketch ; b, c-conidiophores. 
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2.5 to 3.5µ in diameter. Elements of conidial fructification pitted. Sopp. 
( 44) gives 3-4µ for conidia. 
From soil : Norway ( 44) 
United States: Utah 
This species is closely related to Penicillium rnbens Biourge ( 9). P ~ 
acidofer1l'ln has smaller conidia and phialides and the elements of the fructi-
fication are rough, whereas those of P. rubens are smooth. 
•28. Penicillium lividum Westling t57) 
Colonies show abundant development of floccose mycelium, with the· 
colony surrounded by a rather broad margin; surface blue-green, becoming· 
darker, and finally dark brown in age; reverse white to yellowish. Con-
idiophores arise from submerged mycelium, up to 450µ long, smooth, usual-
ly unbranched, although sometimes with one side branch; apex inflated 
up to 6.5µ in diameter; phialides numerous, 9 to 12µ by 2 to 2.4µ. Heads 
45 to 150µ long. Conidia oval to ovoid, 2.5 to 4 by 2.2 to 2.6 or up to 3.6µ .. 
From soil: Canada (53), England (16) 
United States: New Jersey (52) (53) 
•29. Penicillium frequentans Westling (57) 
Colonies blue-green to dark blue green or olive green, deepening with 
age to dark brown green; velvety or powdery, not floccose or felty; reverse-
yellow to reddish yellow; colony surrounded by a sterile white margin. 
Conidiophores arise from aerial hyphae, up to 500µ long; often short, 60 
to 225µ; enlarging at the apex to form a swelling 3 to 4.5µ in diameter. 
Heads 45 to 115µ long. The conidial chains are borne on phialides only, 
8 to 11.5µ by 2.2 to 3.2µ. Conidia globose, smooth or slightly verrucose, 
2.6 to 4µ in diameter. 
From soil: United States: New Jersey (53) 
•30. Penicillium pfefferianum Wehm_er (37) 
Colonies loose, cottony, spreading; surface green to gray-green, with 
growth of superficial hyphae. Sterile hyphae hyaline, septate, ascending, 
branched. Conidiophores simple or branched, up to 70µ long by 3µ in 
width, and inflated at the apex to form a swelling 4 to 8µ in diameter. 
Conidial chains long, borne on a verticil of phialides which cover the swell-
ing, pointed at the apex, 9 to 14 by 2 to 4µ. Conidia globose, smooth, 
hyaline, 2.3 to 3.8µ in diameter, light green to gray or brownish in mass. 
From soil: United States: Iowa (52) (53), New Jersey (52) (53), 
North Dakota (53), Oregon (52) (53) 
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31. Penicillium cinerascens Biourge (9) 
Colonies on Czapek's agar round, 
slowly spreading, closely floccose; surface 
light gray green; reverse colorless. On 
bean agar, surface gray to blue gray; re-
verse colorless. Aerial hyphae often in 
ropes, from which the conidiophores arise 
as short side branches, unbranched, pitted, 
slightly inflated at the apex, 6 to 60µ 
long by 2 to 3µ in width, mode 10 to 25µ. 
The heads are loose columns of five to ten 
chains up to 100µ long. The apex of the 
conidiophores bears a single verticil of 
flask-shaped phialides, pitted or echinu-
late, 5 to 7µ by 1.8 to 2.2µ. Conidia glo-
bose, light green, smooth or very delicately 
rugulose, 2 to 2.5µ in diameter. 
From soil: United States: Utah Fig. 31. Peniclllium clnerascens. ~ habit sketch ; b-conidiophores. 
32. Penicillfam resfrictum n. sp. 
Colonies on Czapek's agar small, 
round, restricted, raised, velvety; sur-
face deep to dark grayish olive; reverse 
colorless. Conidiophores arise from 
aerial hyphae, hyaline, smooth, un-
branched, 10 to 50µ by 2 to 2.5µ, rarely 
reaching a height of 75µ. The apex of 
the conidiophore is usually only very 
slightly inflated, from 0.5 to 1µ larger 
than the diameter of the conidiophore, h 
and bears a verticil of crowded, flask- Fig. 32. Penlcllliam restrictum, n. sp. a-
habit sketch ; b-conidiophores. 
shaped phialides, 5 to 7µ by 2 to 3.2µ. 
The heads are loose columns of five to 
ten chains up to 85~t long. Conidia globose, delicately echinulate under 
oil, 2 to 2.5µ in diameter. 
l!-,rom soil: United States: Louisiana 
•33_ Penicillium glabrum Wehmer (37) and (56) 
Syn. Citromyces glaber Wehmer 
Colonies smooth, velvety, spreading, with a narrow sterile margin; 
surface at first bright gray green, becoming darker, and deepening to brown 
green with age; reverse brown. Conidiophores inflated at the apex to form 
a swelling up to 15µ in diameter; phialides 7.5 to 11.6 or 12µ by 2 to 2.8µ. 
Conidia globose, smooth, 2 to 3µ in diameter. 
Neither Lindau nor Westling give the length of the conidiophores. 
The species is similar to P. pfefferianiim, however, and the conidiophores 
are probably less than 75µ long. 
From soil: England (16) 
United States: New Jersey (52) (53) 
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Section Scopulariopsis Bainier (7) 
Apex of conidiophores not inflated, conidial chains borne directly on 
the conidiophores (Monilia-like) or on phial ides in loose, usually divergent, 
heads. 
34. Penicilliitm guttulosum n. sp. 
Colonies on Czapek's agar small, not 
spreading, felty surface ; from pink in 
some strains to pinkish-gray or greenish-
gray; often studded with exuded drop-
lets of wine-red moisture; reverse orange, 
reddish brown to deep wine red; color 
in medium same, pigment rapidly dif-
fusing and coloring the medium a deep 
reddish-brown to wine red. Conidio-
phores arise from aerial hyphae, 15 to 
50µ long by 1.5 to 2µ, and bearing at 
the apex a single verticil of crowded 
phialides. Heads a few, short, divergent 
chains up to 25 or 30µ long; phialides 
flask-shaped, 7 to 8.5µ by 2 to 2.5µ. Con-
idia globose to ovoid, light green, deli-
cately echinulate, 2.5 to 3.5µ in diameter. 
From soil: United States: Utah 
35. Penicillium decumbens Thom ( 47) 
Fig. 33. Penlcilllum pttulosum, n . sp. 
a, b, c-habit sketches ; d-conidiophores. 
Colonies on potato agar white to gray, gray-green, ultimately yellow-
ish brown, green in cultures with cane sugar; reverse colorless, surface 
growth consisting of trailing or stolon-like hyphae sparsely developed and 
so close to the substratum as to appear only as fertile hyphae, bearing the 
conidiophores as short branches 20 to 100µ in length, in old cultures with 
dense tufts of sterile secondary mycelium scattered over the surface; con-
idial fructifications consisting of single verticils of phialides 7 to 9 by 2 
to 3µ, bearing conidial chains first in loose columns up to 100µ in length, 
but soon enveloped and broken up in the drops of fluid secreted abundantly 
from the mycelium. Conidia globose 2.5 to 3µ, smooth, pale green, then 
brownish in mass. 
From soil: United States: Colorado (53), Iowa (1), New Jersey (52) 
(53), Oregon (53) 
36. Penicillium lilacinitm Thom ( 47) 
Colonies on bean agar white to pale lilac, more or less loosely floccose 
with hyphae branched, septate, ascending, 3µ in diameter, producing con-
idial masses upon very short branches irregularly distributed ; reverse not 
discolored. Heads up to 100µ in length, consisting of solitary, sessile phia-
lides or verticils of phialides, or short branches bearing one, two, or three 
verticils of phialides with long, tangled chains of conidia. Phialides flask-
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shaped, divergent at the apices, acuminate, 7 to 10µ long. Conidia ellip-
tical, smooth, pale lilac, 2.5 to 3 by 2µ. 
From soil: England (16) 
United States: Iowa (3), Louisiana (2), New Jersey (52) (53) 
37. Penicillium vinaceum n. sp. 
Colonies on Czapek 's agar spreading, 
:£1.occose, consisting of densely interwoven, 11 
and sometimes roped hyphae. Surface 
white at first, becoming vinaceous to laven-
der, in some strains and in others vina- . 
ceous gray or green as fruiting areas de- . 4 
velop; reverse white at first, becoming Fig. 34. P!lciUlum vinaceum, n. sp. 
vinaceous or deep wine red in some a-habit sketch; h-conidiophores. 
strains. Conidiophores arise from aerial 
mycelium or directly from the substratum, 20 to 110µ long, mode 50 to 75µ. 
Conidial heads a few chains in loose columns up to 60µ long when young, 
but becoming up to 200µ long when mature. Chains of conidial borne on 
a single verticil of phialides, 6.5 to 11.5µ by 2 to 2.5µ. Conidia ovoid, to 
elliptical, smooth, echinulate 2.5 to 3.5µ in diameter. 
From soil : United States: Utah 
38. Penicillium brevicaule Saccardo ( 47) 
Syn: Scopulariopsis brevicaule Saccardo 
S. rufulits Banier 
S. repens Banier 
Colonies on sugar gelatin white at first, then yellowish brown or choco-
late, consisting of short closely crowded conidiophores making powdery 
areas overgrown by loose trailing :£1.occose hyphae and ropes of hyphae, with 
broadly spreading, indeterminate margin. Conidiophores short, 10 to 30µ 
long, arising directly from the submerged hyphae, or numerously and 
irregularly borne as lateral and perpendicular branches of trailing aerial 
hyphae and ropes of hyphae. Conidial fructifications either simple chains 
terminating unbranched or sparingly branched conidiophores in young 
colonies, or verticillately and irregularly twice verticillately branching 
systems bearing numerous divergent chains, often 150µ in length in old 
colonies. Phialides continuous with conidiophores, 12 to 15µ by 4µ, taper-
ing at the apex. Conidia somewhat pear-shaped, slightly tuberculate at 
the apex, with broad base, 6.5 to 7.5µ by 7.5 to 9µ, in mass light brown to 
chocolate, smooth at first, then with thick tuberculate walls. 
The isolation of this species from the soil under the name Scopulariop-
sis brevicaule was reported by Waksman in New Jersey (52) (53) and 
Texas (53); Dale (16) isolated S. repens Bainier and S. rufulus Bainier, 
but was not positive of her identifications, and it is probable that both 
should be included as Penicillium brevicaule. 
*39. Penicillium costantini Bainier (7) 
Syn. Scopulariopsis costantini Bainier 
Colonies white, then dirty white, sometimes yellowish, in old cultures 
more or less dirty golden yellow. Conidial heads 30 to 50µ long, irregular; 
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fructification without metulae, or rather deformed, 7 to 8µ by 3 to 5µ; 
phialides 9 to 16 or 20 to 25µ by 2.5 to 5µ; conidia 6 to 8µ by 3.5 to 6.5µ. 
From soil: England (16) 
Species of Penicillium of Doubtful Relationship 
With the information at hand regarding the following species of 
Penicillium, it was impossible to separate them with certainty in the key. 
They are therefore listed separately as species of doubtful relationship. 
1. Penicillium geophilum Oudemans 
From soil: Holland (32) 
2. Penicillium desiscens Oudemans 
From soil: United States: California (53), New Jersey (52) (53); 
New York (26), Maine (53), Porto Rico (53), Texas (53) 
3. Penicillium silvaticum Oudemans 
From soil : Holland ( 32) 
4. Penicillium terrestre Jensen 
From soil: England (16) 
United States (26) 
5. · Penicillium candid1tm Link 
From soil: Japan (45) 
United States: Michigan (20) 
24. Spicaria Harting 1871 
Conidiophores erect, septate, usually freely 
branched, branching often in whorls but also irregular; 
each branchlet bears a terminal fructification composed 
of a verticil of divergent metulae on which are borne 
a verticil of divergent phialides; heads divergent and 
seldom penicillate; conidial chains usually long; con-
idia hyaline, round ovoid, elliptical, or elongate. 
\~ ~ 
Fig. 35. Spicaria. 
(After Lindau). 
KEY TO THE SPECIES OF THE GENUS SPICARIA 
a. Conidiophores smooth. 
b. Colonies gray green, conidia elliptical, 6 to 12 by 4 to 6µ. 
1. S. silvatica. 
2b. Colonies gray, sometimes with rosy tints, conidia globose, 2 to 3µ. 
2. S. simplicissima. 
3b. Colonies brownish olive to olive buff. 
3. S. divaricata. 
4b. Colonies bright violet or lavender. 
4. S. violacea. 
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.aa. Conidiophores spiny or echinulate, colonies white. 
5. S. elegans. 
•1. Spicaria silvatica Oudemans (26) 
Colonies orbicular, light gray green; vegetative hyphae creeping, 
hyaline, septate, with forked branching. Conidiophores erect, sparsely 
branched; branches alternate; variable in length, simple or forked at the 
tip, bearing phialides 20 to 25µ long, cylindrical and somewhat curving. 
Conidia in long chains, elliptical or oblong, hyaline, smooth, 6 to 12µ by 
4 to 6µ. · 
From soil : Holland ( 32) 
United States: Rhode Island (38) 
2. Spicaria simplicissima Oud. (26) 
Colonies orbicular, with alternating zones of cream yellow sterile 
mycelium and gray fruiting areas, occasionally with rosy tints. Conidio-
phores arise from aerial mycelium, 40µ long, septate, usually unbranched, 
bearing metulae and phialides or phialides only; phialides 8 to 12µ long, 
verticillate. Conidia in short chains, globose, 2 to 3µ in diameter. 
From soil : Holland ( 32) 
United States: Iowa (3), New York (26) 
3. Spicaria divaricata (Thom) n. comb. 
Syn. Penicillium divaricatum Thom ( 47) 
Colonies on Czapek 's agar broadly spreading, low growing, felty, with 
scattered, floccose aerial mycelium; surface olive, olive buff or brownish 
olive, never true green ; reverse colorless. Conidiophores arise from aerial 
or submerged mycelium, freely and irregularly branched, conidiophores 
up to 325µ long. The conidial fructification is typically in two stages, the 
branches of the conidiophore bearing a terminal verticil of divergent 
metulae, with divergent phialides. Metulae extremely variable in length, 
phialides 10 to 25µ by 2.5 to 4µ. Conidial chains very long, divergent, 
seldom more than five or six in a head. Conidia elliptical, smooth, 4.5 to 
6µ by 2.5 to 4µ. 
From soil: United States: Illinois, Iowa, Utah 
4. Spicaria violacea Abbott (3) 
Colonies on Czapek's agar floccose, spreading, surface white at first, 
becoming bright lavender or violet when mature; reverse colorless. Aerial 
mycelium abundant, consisting of a dense network of interwoven hyphae. 
Conidiophores arise as branches of aerial mycelium, erect, up to 100µ long, 
usually once or twice branched, but often short and unbranched. Conidial 
chains very long, up to 700µ or more in length; fructification a divergent 
head with both metulae and phialides or with phialides only; phialides 
6.5 by 2µ. Conidia elliptical, smooth, hyaline, 3 to 3.5µ by 2 to 2.5µ. 
From soil: United States : Iowa (3) , Louisiana (2 ) 
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5. Spicaria elegans (Corda) (37) 
Colonies somewhat spreading, white, velvety; vegetative hyphae creep-
ing, hyaline, septate; conidiophores erect, septate, with two to four circles 
of opposite or three to four verticillate branches; branches short, fusiform, 
each divided at the tip into a verticil of three branchlets; branchlets lageni-
form, swollen at the tip; conidia ovate-fusiform, united to form long chains, 
4.5µ by 3.5 to 4µ, hyaline. 
From soil: United States: Iowa (33) 
• 6. Spicaria decumbens Oudemans 
Poorly described. 
From soil: Holland (32) 
25. Gliocladium Corda 1840 
Conidiophores erect, simple or 
branched, septate, producing at the apex 
a fructification composed of successive 
verticils of primary branches, secondary 
branches, metulae, and philadies, or in 
some cases without secondary branches; 
primary branches often arise laterally 
on the conidiophores below the main 
head; conidial heads enveloped in slime, 
conidia in chains, or held together in 
a mass of slime in which chains are not 
distinguishable. Fig. 36. Gllocladium. (After Lindau). 
KEY TO THE SPECIES OF THE GENUS GLIOCLADIUM 
a. Mature colonies never green. 
b. Mature colonies pure white to cream. 
1. G. penicilloides. 
bb. Mature colonies pink or rose shades. 
2. G. roseum. 
aa. Mature colonies green. 
b. Conidia definitely in chains which form dense columns. 
3. G. catenulatum. 
bb. Conidial heads round, enveloped in slime in which chains are not 
distinguishable. 
c. Colonies pure white, with leaf green fruiting areas. 
4. G. fimbriatum. 
cc. Colonies always dark green, never white 
d. Slime production very abundant, conidiophores hyaline, rough. 
5. G. deliquescens. 
dd. Slime production not abundant, conidiophores olivaceous, 
smooth. 
6. G. atrum. 
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1. Gliocladium penicilloides Corda (3) 
Colonies on Czapek's agar broadly spreading, floccose, surface pure 
white to pale cream in fruiting areas; reverse colorless. Aerial mycelium 
abundant, from which the conidiophores arise as side branches, erect, sep-
tate, 50 to lOO~t long by 3µ in diameter, pitted or rough. Fruiting heads 
enveloped in slime, columnar. F'ructification in three stages, primary 
branches 15 to 25µ long, by 3.2µ in diameter; metulae 10 to 15µ by 2.5µ; 
phialides 10 to 14µ by 1.5µ. Conidia in definite chains, elongate elliptical 
to bacillate, smooth, hyaline, 3.5 to 4µ by 2µ. 
From soil: England (16) 
United States: Iowa (3), Louisiana 
•2. Gliocladium roseum (Link) Thom ( 47) 
Syn. Penicilliitm roseum Link 
Colonies on potato agar loose floccose, with simple hyphae and ropes 
of hyphae, surface white to pink or salmon in fruiting areas ; reverse color-
less. Produces dense irregular pinkish masses or sclerotia up to 1 mm. or 
more in diameter in old cultures. Conidiophores borne as branches of 
aerial hyphae, 45 to 125µ long. Conidial fructification enclosed in slime, 
up to 140µ long, in two or three stages, phialides 12 to 17µ by 2 to 3µ bear-
ing conidia in gelatinous balls or masses. Conidia colorless (pink or rosy 
in mass), elliptical, 5 to 7µ by 3 to 5µ, slightly apiculate, smooth, appearing 
granular within. 
From soil: Japan (45) 
3. Gliocladium catenulatum n. sp. 
Colonies on Czapek's agar pure 
white, spreading, floccose, becoming olive 
green to bright green in the center as 
fruiting areas develop, and clear dark 
green in old cultures; fruiting areas are 
usually confined to center of colony and 
one or two concentric zones separated by 
sterile mycelium; reverse colorless to 
yellowish. Aerial mycelium abundant, 
simple or in ropes, from which the con-
idiophores arise as branches. Conidio-
phores often once and sometimes twice 
branched, coarse, pitted or rough, 50 to 
125µ long. Heads are composed of con-
idial chains in long, close columns, en- Fig. 37. Gllocladium eatenulatum, n. ep. 
veloped in slime, up to 150µ long. Fruc- a-habit sketch: b-oonidiophore. 
tification in three stages, elements of 
fructification pitted or rough; primary branches 15 to 20µ by 3.5 to 4µ; 
metulae 7 to 9 by 15 to 25µ; phialides 10 to 20µ long. Conidia elliptical, 
smooth, pale green, 4 to 7 .5µ by 3 to 4µ. 
From soil: United States: Utah 
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4. Gliocladiurn firnbriaturn n. sp. 
Colonies on Czapek 's agar broadly 
spreading, orbicular, pure white at first, 
with zones of dark leaf green fruiting }f 
areas appearing near the center of the 
colony. Conidiophores arise from aerial 
hyphae, smooth, up to 25µ long ; several ~ ;,--
from one point, stolon-like hyphae usual- ::.-----
ly present at point of origin. Heads en-
veloped in round balls of slime in which 
chains are not distinguishable; fructi-
fication in two stages, with divergent 
branchlets or metulae which bear elon-
gate flask-shaped, appressed phialides, or 
with conidia borne directly on a few 
finger-like phialides which arise irregu-
larly from the conidiophore ; in most 
heads one or more branchlets arise later-
ally from the conidiophore some distance 
b 1 th · h d t 1 1 t Fig. 38. Gliocladium ftmbrlatum, n. sp. e ow e main ea ; me u ae e onga e, a-habit sketch; b, c, d-conidiophore. 
extremely variable in size, phialides 
usually 10 to 20µ long, from flask-shaped 
to irregular elongate. Conidia elliptical or elongate, ovoid, smooth, pale 
green, 6.5 to 9.5µ by 2.5 to 4µ. 
From soil: United States: Iowa, Louisiana 
5. Gliocladiurn delinquescens Sopp 
Growth not abundant on Cza-
pek 's agar. On bean agar, broadly 
spreading, producing a thin, trans· 
parent growth of sterile hyphae 
over the entire medium, from which 
the dark green fruiting areas soon 
develop ; surface deep, dark green 
to blackish green; reverse colorless. 
Aerial mycelium scant, colony con-
sisting almost entirely of conidio-
phores and slimy heads. Conidio-
phores arise from submerged and 
surface hyphae, several from one 
point; both aerial and submerged 
stolons present at these points; Fig. 39. Gliocladium dellque.cens. a-habit 
conidiophores 100 to 225µ by 8 to sketch ; b-conidiophore. 
10µ. Fructification typically in 
four stages, consisting of three to five primary branches arising from the 
apex of the conidiophore; these bear a verticil of secondary branches, and 
these verticils of metulae; phialides closely crowded on the metulae, club 
shaped; primary and secondary branches and metulae elongate oblong, 
slightly inflated at the apex. Primary branches 15 to 20µ by 3 to 3.5µ; 
secondary branches 13 to 15µ by 3µ; metulae 8 to 10µ by 1.5 to 2µ ; phialides 
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r.(i to 8µ by 1 to 1.5µ. Conidia elliptical, greenish, smooth, granular within, 
3 to 3.8µ by 2 to 2.5µ. Hyphae, conidiophores, and elements of fructifica-
tion coarse and pitted, or rough. Slime production very abundant, usually 
•enveloping the entire colony. 
From soil: Norway ( 44) 
United States: Louisiana 
ii. Gliocladium atrum n. sp. 
Colonies on Czapek'.s brown green, 
:small, slowly spreading, largely sub-
merged; aerial mycelium olivaceous, 
:scanty, aerial growth consisting mostly 
·of conidiophores ; colonies moist with 
.slime which envelops the heads. On bean 
agar considerable aerial mycelium is pro-
duced. Conidiophores arise mostly from 
:.submerged hyphae, olivaceous, thick 
-walled, smooth, septate, often slightly 
fiexuous, 75 to 300µ by 3 to 4µ. Con-
1.dial heads enveloped in slime, round, 
-chains not distinguishable; functification 
typically in three stages, sometimes in 
b 
two or four. Primary branches oblong, ~ 
.8.5 to 9.5µ by 3 to 3.5µ; metulae oblong, Fig. 40• Gllodadlum atrum, n. sp. a-
·'7 .5 to 9.5 by 3µ; phialides flask-shaped, habit sketch; b-conidiophore. 
7.5 to 10 by 1.5 to 2.5µ. Conidia oval 
to ovoid, smooth, light green to almost hyaline, 2.5 to 4µ by 2 to 2.5µ. 
From soil: United States: Louisiana 
There is sufficient color in the conidiophores of this fungus to place 
it with the Dematiaceae. However, the morphological structure is that of 
the genus Gliocladium, and it was placed in this genus because of its evident 
relaitonship to the other species included in this group. 
:26. Sporotrichum Link (3·7) 
Hyphae creeping, irregularly branched, but never 
"in whorls, branches repeatedly branched. Conidiophores 
not formed or only as projections from the side branch-
1ets. Conidia borne laterally and terminally on the hy-
phae or the branches, usually very numerous, sessile or 
on small sterigmata, ovoid or globose, hyaline or brightly 
·colored, usually very small. 
KEY TO THE SPECIES OF THE GENUS SPOROTRICRUM 
·a. Colonies reddish, conidia ovoid, 4µ by 3µ. 
1. S. roseum. 
;aa. Colonies white, conidia elliptical, 9.5µ by 5.5 to 7.5µ. 
Fig. 41. Sporotrl-
chum. (After Lin-
dau). 
2. S. pruinosum. 
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1. Sporotrichum roseum Link (37) 
Colonies broadly spreading, red. Hyphae creeping, sparsely septate. 
Conidiophores arising as short side branches, unbranched with 2 to 3 sterig-
mata-like branches at the tip. Conidia terminal, ovoid, reddish, 4 by 3µ, 
with an oil drop. 
From soil: England (16) 
United States: Louisiana, North Dakota (53), New Jersey (53), Texas 
(53) 
2. Sporotrichum pruinosum n. sp. 
Colonies on Czapek's agar pure white 
broadly spreading, cottony; on bean agar 
low growing, dusty or powdery; reverse 
colorless; consisting of branched, hyaline, 
often roughened, aerial hyphae from 
which the conidiophores arise as branches ; 
sterile hyphae often roped, up · to 10µ 
thick. Conidiophores freely branched, 
oppositely or irregularly up to 25µ long, 
bearing terminal conidia, oval or lemon-
shaped, 9.5-13.5 x 6-10µ; appearing gray- Fig. 42. Sporotrichum pruinosum, n. sp. 
ish. · 
From soil: United States: Iowa, Louisiana 
Sporotrichum pulviniforme Thom 
Listed by Waksman ( 52) who was not sure of the identification. The 
species was not included in his later paper ( 53). 
27. Monosporium Bonorden 1851 (37) 
Sterile hyphae creeping, septate, branched, forming 
a turf. Conidiophores erect, septate or non-septate, 
branched in a tree-like form, usually with two or more 
erect or horizontal branches occurring above one another, 
which may often branch again at the tip into two or three 
short branches. Conidia on the final branchlets of the 
conidiophore, terminal, seldom one borne laterally and 
sessile, or less frequently with a short stipe, hyaline or Fig. 43. Mon011po-bright colored, smooth, one-celled, thin walled, usually rium, n. sp. 
rather large, ovoid or spherical. 
Differs from Sporotrichum by the erect conidiophores; from Verti-
cillium by the complete absence of whorled branches; from Sepedonium 
by the smooth spores. 
KEY TO THE SPECIES OF THE GENUS MONOSPORIUM 
a. Spores small, 3 x 2µ. 
JI. silvatiwm. 
aa. Spores large, 5-6 x 3µ. 
M. acuminatum var. terrestre. 
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•1. Monosporium silvaticmn Oudemans (37) 
Colonies orbicular, white; vegetative hyphae creeping, branched, hya-
line; conidiophores erect, continuous, hyaline, dendroidly branched, with 
ultimate branches commonly two, rarely three-forked. Conidia single, acro-
genous, obovate, 3 by 2µ. 
From soil : Holland ( 32) 
•2. Monosporittm a,cuminafom var. terrestre Saccardo (37) 
Colony spreading, white. Conidiophores erect, slightly septate with 
tree-like branching, branches erect, simple or forked, pointed. Conidia long, 
hyaline, 5 to 6µ by 3µ. 
Its presence in soil is uncertain. Reported from moist soil by Saccardo. 
28. Botrytis Micheli 1729 (37) 
Hyphae creeping. Conidiophores simple or frequent-
ly branching in an irregular dendroid arrangement, erect. 
Branches either thin or thicker and narrowing to a point, 
truncate or with swollen warts on the tips or toothed comb-
like. Conidia frequently on the tips of the branches, but 
not uniformly in heads, globose, ellipsoid or long, hyaline 
or bright colored, one-celled. The genus contains a large 
number of forms which have nothing in common one with 
the other except a certain superficial similarity. In some 
species the genus forms mycelial sclerotia which are very 
similar to those of the genus Sclerotinia. 
KEY TO THE SPECIES OF THE GENUS BOTRYTIS 
a. Conidia small, 2.5-3 x 3-4µ. 
1. Botrytis terrestriR. 
aa. Conidia larger, 9-12 x 6.5-10µ. 
2. Botrytis cinerea. 
•1. Botrytis terrestris Jensen (26) 
Fig. 44. Botrytls. 
(After Landau). 
Colonies at first white, later gray; sterile hyphae creeping, hyaline, 
branched, septate, 1.5-3µ in diameter; conidiophores erect, ascending, sep-
tate, branched, 2-3.5µ in diameter, 50-200µ high; primary and secondary 
branches verticillate, dichotomous, or alternate; conidia produced on the 
ends of the branches, forming more or less compact triangular clusters that 
average 20-25µ, obovate, somewhat angled, uniform 2.5-3 by 3-4µ, hyaline 
to light gray. Clusters of conidia separate very easily. 
From soil: United States: New York (26) 
2. Botrytis cinerea Persoon (37) 
Colonies diffuse, gray, gray green, dark olive green to brown black, 
seldom brown or reddish green, dusty from the conidia, loose or dense, up 
to 2 mm. high; conidiophores erect, unbranched or seldom branched, sep-
tate, 11 to 23µ thick, wall blackish-brown, toward the tip almost hyaline, 
with several ( 3 and more) projections at the tip from which the conidia 
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are formed singly on very fine warts. The point of the conidiophore grows 
between the warts, thereby pressing them back, usually some distance from 
·one another, and they become lateral. The conidia stand so thickly on the 
projections that thick heads are produced which soon fall off. Conidia 
ovoid or elliptical to almost globose, finely apiculate at the base, 9 to 12µ 
;\ly 6.5 to 10µ, with almost hyaline, slightly brownish wall. 
From soil: England (15) (16), Japan (45), Switzerland (26) 
United States: Louisiana, New Jersey (52) (53), Porto Rico (52) 
The following species of Botrytis are listed by Jensen (26) as soil 
·fungi, but they were isolated from leaves and sticks in 
contact with the soil, and not from the soil itself: 
Botrytis fulva Link 
Botrytis dichotoma Corda 
Botrytis geophila Bonorden 
Botrytis epigaea Link 
Botrytis purpureospadicea (Fuckel) Lindau 
:29. Sepedonium Link 1809 (37) 
Hyphae creeping loosely branched, carrying conidia 
at the tips of the final branchlets. Conidia single or 2-3, 
terminal, globose, warty, or ovoid, hyaline or bright 
•colored. Sometimes simple ovoid conidia occur on the 
upper branches of the conidiophore. Then as in Stepha-
noma the warty spores are known as chlamydospores, 
·the small egg-shaped forms as conidia. 
·•1. Sepedonium chrysospermum (Bulliard) Fries (37) 
Syn: Ozoniiim croceum Persoon 
Fig. 45. Sepedoni-
um. (After Lindau). 
Hyphae widespread forming a thick white, then golden-yellow turf 
rcreeping in and on the substrate, septate, branched, tolerably thick, bearing 
lateral short simple or clustered branches on the tips of which the spores 
occur. Chlamydospores single, acrogenous, formed in 
.large numbers, globose, warted, yellow or golden yellow, 
-13-17µ in diameter, with rather thick wall. 
From' soil: England (16) 
United States: New Jersey (53) 
:30. Pachybasium Saccardo 1885 (37) 
Hyphae forming a turf, creeping, septate, branched. 
Conidiophores erect, branched, primary branches sterile 
ending in long curved, thin hyphal tips, secondary 
oranches alternating or standing in almost opposite 
whorls, on the ends of which occur many short flask-
shaped terminal branchlets on which are formed the 
·eonidia. Conidia globose or elongate, hyaline or bright 
.colored. 
Fig. 46. Pnchyba-
sium. (After Lin-
dau). a-colony habit; 
b-conidiophore ; c-con-
idia. 
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•1. Pachybasium hamatum (Bonorden) Saccardo (37) 
Turf more or less extended, white or straw-colored, formed of fl.occose,, 
curved, septate, branched hyphae, up to 16µ, in chains. Conidiophores 
erect, simple or many times dichotomously divided, septate and the primary 
branches sterile, ending in long tips bending back and forth. Side branch-
es short, alternating or whorled, forming at their tip 2-4 flask-shaped 
branchlets which are elliptical in outline and narrowed to a sterigma-like 
tip 1-2µ long, the whole being 10-12µ long and 7µ broad. Conidia single,. 
terminal on the branchlet, ovoid, 7µ long by 4.3µ wide, hyaline or slightly. 
colored. 
From soil: United States: Michigan (20) 
31. Verticillium Nees 1817 (37) 
Sterile hyphae creeping, septate, branched, hyaline 
or lightly colored. Conidiophores erect, septate, branched. 
Branches of the first order whorled, opposite or alternate; 
branches of the second order whorled, dichotomous or 
trichotomous on the branches of the first order; further 
branching similar; terminal branchlets usually fl.ask-
shaped and distinctly pointed at the apex. Conidia al-
ways borne singly on the branchlets, soon falling away. 
round, elliptical, ovoid, inverted egg-shaped, or short 
spindle-shaped, hyaline or slightly colored. 
KEY TO THE SPECIES OF THE GENUS VERTICILLIUM 
a. Colonies white. 
1. V. terrestre. 
aa. Colonies green. 
2. V. glaucum. 
aaa. Colonies lightly olivaceous. 
3. V. alboatrum. 
1. Verticillittm terrestre (Link) Lindau (37) 
~ 
Fig. 47. Vertlcll-
lium. (After Lin-
dau). 
Colonies pure white, spreading, fl.occose, consisting of dense, cobwebby,. 
branched hyphae; conidiophores erect, septate, usually with four whorls of 
branchlets, branchlets rarely again verticillately branched; conidia formed 
singly at the tips of the branchlets, globose to elliptical, hyaline, 4.4 to 5.0J.t-
by 3.5 to 4.5µ. 
From soil: United States: Alaska (53), Iowa (3), Louisiana (2), New 
Jersey (52) (53) 
•2. Verticillium glaucum Bonorden (37) 
Colonies spreading, blue green. Conidiophores erect, 100 by 3µ, twice 
verticillately branched, sparsely septate; branches usually trichotomously 
branched, secondary branches with three branchlets at the apex; conidia. 
globose, 2.5µ in diameter, almost hyaline. 
From soil: United States: New Jersey (52) (53) 
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•3. Verticillfam alboatrum Reinke and Berthold (37) 
Mycelium spreading, brownish. Conidiophores erect, simple, dark 
colored, paler at the apex, with up to eight whorls, three to five branches 
in the whorl; branches sparsely septate, simple or further branched in 
whorls, terminal branchlets thickened at the base and narrowed at the apex, 
erect. Conidia elongate egg-shaped, hyaline, then brownish, 5 to 12µ by 3µ. 
From soil : England ( 15) 
Dale (15) reported the isolation of this species from soil in England. 
It is doubtful whether her species was Verticillium alboafrum, however, 
since she stated that her fungus was pure white in all stages. Verticillium 
alboatrum is lightly olivaceous. 
Doubtful species 
Verticillium chlamydosporium Goddard (20) 
32. Acrostalagmus Corda 1838 (37) 
Hyphae creeping, septate branched. Conidiophores 
erect, septate, usually branched in whorls. Conidia borne 
at the points of the branchlets, produced successively but 
not catenulate, forming a head held together by slime; 
conidia hyaline, egg-shaped to elliptical. 
KEY TO THE SPECIES OF THE GENUS 
ACROSTALAGMUS 
a. Colonies floccose, pure white to creamy. 
1. A. albus. 
aa. Colonies not floccose, orange to avellaneous. 
2. A. cinnabarinus. 
•1. Acrostalagmus albiis Preuss (37) 
Fig. 48. Acroata-
lairmua. a-conidio-
phore : b-c o n i d i a I 
heads. (Aft.er Lin-
dau). 
Colonies spreading, floccose, pure white or creamy. Sterile hyphae 
creeping, indistinctly septate, sparingly branched. Conidiophores arise as 
side branches of aerial hyphae, erect, up to 200 or 220µ long, sometimes 
simple, but usually with one or two whorls of branchlets; branchlets non-
septate, pointed, each bearing conidia on the point. Conidia hyaline, ellip-
tical 3.0 to 3.5 by 1.0 to 1.5µ. 
From soil: United States: Alaska (53), Iowa (3) (33) , Louisiana (2), 
New Jersey (52) (53), North Dakota (53), Texas (53) 
•1a. Acrostala,gmus albus Preuss var. varius Jensen (26) 
Colonies effused, thin, subfloccose, white; vegetative hyphae hyaline, 
branched, septate, 2 to 3.5µ; conidiophores creeping, ascending, or erect, 
branched, 15 to 75µ by 2 to 3.5µ; usually simple but occasionally alternate-
ly branched, verticillate, alternate toward apex, slightly curved at the sum-
mit producing a head of conidia 15 to 36 by 2 to 3µ, conidia hyaline, oblong, 
3.3 by 1.5µ. 
From soil: United States: New York (26) 
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•2. Acrostalagmus cinnabarinus Corda var. nana Oudemans (26) 
Colonies orbicular, orange mixed with red; vegetative hyphae septate; 
conidiophores septate, with two or three series of opposite branchlets, 
branches terminated by 3-rayed verticils, with each ray in the form of a 
ninepin, 36 to 45µ long, bearing the conidia. Conidia elliptical or oblong 
5 to 8 by 3 to 5µ, formed in a head enveloped by slime. 
From soil: Holland (32) 
United States: Hawaii (52), Michigan (20), North Dakota (52) (53), 
New Jersey (52) (53), Oregon (52), Porto Rico (52) (53) 
33. Nematogonum Desmazieres 1834 (37) 
Hyphae creeping. Conidiophores erect with sterile 
and fertile cells. Sterile cells thickened on both sides. 
fertile cells globosely swollen, smooth. Conidia formed 
singly, ovoid, bright colored. 
•i. Nematogonum humicola Oudemans (37) 
Turf circular, ribbon-like, at first white, then bright 
grey, finally cream colored. Conidiophores erect, 2.2-3.3µ 
thick, hyaline, septate, unbranched, with longer cells not 
swollen at both ends and shorter smooth-walled fertile 
cells swollen at both ends. Conidia globose 3-4µ in diam., 
or ellipsoid, 3-6µ long and 2-4µ broad, sessile, almost 
hyaline. 
From soil : England ( 15), Holland ( 32) 
34. Trichothecium Link 1824 (17) 
Hyphae creeping. Conidiophores erect, septate tm-
branched. Conidia terminal, single, 2-celled, hyaline or 
bright colored. 
1. Trichothecium roseum Link 
Syn: Cephalothecium roseum Corda 
Turf forming a powdery case, widespread, mold-
like or arachnoid, white, finally pink, formed of creep-
ing, branched, septate white hyphae. Conidiophores 
erect, little or non-septate, usually unbranched and 
scarcely swollen at the tip. Conidia a.erogenous, single, 
one after another, but remaining attached and forming 
a head by apical growth, pear-shaped, 2-celled, the apical 
cell being larger, hyaline then pink, 12-18µ long by 8-10µ 
broad. 
From soil : England ( 15) 
a 
Fig. 49. Nemato&"o-
num. (After Lindau). 
Fig. 50. Tricothe-
cium. (After Lindau). 
United States: Hawaii (52), North Dakota (52), New Jersey (53), 
New York (26), Porto Rico (53) 
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35. Mycogone Link 1824 (37) 
Hyphae branched, interwoven. Conidiophores short, 
occurring laterally. Conidia single on the tips of the 
conidiophores, dissimilar, 2-celled, the upper cell larger, 
usually warty, bright colored, the lower cell pale. As in 
Sepedonium there are found here conidia and chlamy-
dospores. 
•1. Mycogone nigra (Morgan) Jensen (26) 
Colonies at first hyaline, later showing yellowish 
tint, and :finally becoming black-brown and zonate. In 
rapidly growing colonies, the hyphae near the margin 
are aerial as well as immersed and show a distinct yellow Fig. 51. Mycogone. (After Lindau). 
tint. Mycelium branched, septate, with numerous fertile 
branches bearing a single spore at the apex, 2.5-4µ thick; 
conidiophores varying from scarcely norie to a length of 30µ, width 2-3.5µ, 
ascending or erect; conidia uniseptate, upper cell dark brown, smooth, thick-
walled, globose, 12-15µ in diameter, lower cell hyaline to slightly colored, 
smooth, hemispherical, 8-10 by 9-12µ. Intercalary cells are often formed. 
Variations in which the lower cell is not cut off, and again when a second 
small cell is formed, occur in culture. All conidia may probably be con-
sidered as chlamydospores. 
From soil: United States: New York (26) 
36. Ramularia Unger (18) 
Conidiophores growing on sporodochia, simple or 
ir:regularly slightly branched, carrying the conidia on 
short teeth at their tips. Conidia egg-shaped, cylindric, 
finally 3 or more celled, seldom occurring in chains, hya-
line or also bright colored. Parasites on living plants. 
•i. Ramularia eudidyma Wollenweber ( 42) 
Conidia nearly cylindrical, with both ends rounded 
or basal ends sometimes papillate, mostly 1-septate, 23 
x 4.87 (21-26 x 4.7-5)µ, 0- to 2-septate conidia also found, 
3-septate very rare; chlamydospores mostly intercalary, 
8-ll~t in diam.; color of spore mass, from white to yellow-
ish ; color of plectenchyma, dense brown. 
From soil : Europe ( 59) 
•2. Ramularia macrospora Fresenius (59) 
Fig. 52. Ramularla. 
(After Lindau). 
Conidia scattered in sporodochia or as pionnotes, in mass buttery yellow 
to white. Scattered conidia ellipsoid, one-celled or septate, sporodochia or 
pionnotes conidia cylindrical, one to three septate. Dimensions: 1-celled, 
7 to 20 by 3 to 5µ; 1-septate, 15 to 30 by 3.5 to 6.5µ; 2- and 3-septate, 25 
to 40 by 4 to 7.5µ (max. 50µ long by 9µ broad). Conidiophores seldom 
in sporodochia with side branches arranged in 2 to 3 membered whorls, 
usually simple or not branched. Plectenchyma and chlamydospores chest-
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nut brown, especially on starchy media, brown, round, thick-walled chlamy-
dospores in chains or knots, more frequently than single; terminal or inter-
calary, 10 to 16µ broad. 
From soil: Europe (59) 
Ramularia magnusiana (see Neonectria ramulariae) 
XII. DEMATIACEAE 
37. Stachybotrys Corda 1837 (37) 
l\fycelium creeping, spreading over the substratum, 
septate, branched, hyaline, or slightly colored. Conidio-
phores arise as branches of the mycelium, erect, variously 
branched, septate, dark colored or almost hyaline, bear-
ing at the apex of the main stalk and branches small 
sterigma-like cells, which are non-septate, hyaline or 
slightly dark colored, and either borne in whorls or arise 
irregularly below the point of the branch, appearing 
single or more or less grouped. Conidia borne singly 
on the points of the sterigmata round or elongate, black, 
smooth or echinulate. 
KEY TO THE SPECIES OF THE GENUS 
STACHYBOTRYS 
a .Branching of conidiophores regularly alternate. 
1. S. alternans. 
Fig. 53. Stacltyb&-
tryL (After Lindau). 
aa. Branching of conidiophores not regularly alternate. 
b. Coniidophores short, up to 75µ long, conidia smooth. 
2. S. atra. 
(S. cylindrospora). 
bb. Conidiophores up to 1 mm. long, conidia echinulate. 
3. S. lobulata. 
•1. Stachybotrys alternans Bonord. (37) 
Sterile hyphae creeping, branched, sparsely septate, black-brown, 3 
to 5µ thick, with abundant papillae. Conidiophores erect, gray or almost 
hyaline, 3.5µ thick, mostly unbranched, branching when present regularly 
alternate, not swollen at the apex, with crowded, inverted egg-shaped or 
club-shaped sterigmata, gray or hyaline, 10µ by 4 to 5µ. Conidia borne on 
the ends of the sterigmata, elliptical to ovoid, with or without two oil drops, 
black, roughened, 8 to 12µ by 5 to 7 .5µ. 
From soil: United States: Porto Rico (53) 
•2. Stachybotrys atra Corda (26) 
Colonies spreading, at first hyaline, becoming black with age; mycelium 
hyaline, septate, 5 to 6µ thick, with branches almost at right angles, and 
with oval, ellipsoidal or globose chlamydospores up to 12µ in diameter; 
articulate with age. Conidiophores arise from aerial mycelium, fuliginous 
near the apex, almost hyaline near the base, branched, septate, 65 to 74µ 
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long by 2 to 4µ thick, slightly alternate toward the apex, bearing on the 
summit a whorl of papillate sterigmata; sterigmata 10 to 12µ by 4.5 to 5µ. 
Conidia single, smooth, elliptical, usually with acute ends and mostly with 
two oil drops, slightly colored when young to fuliginous and black when 
mature. 
From soil: United States: New York (26) 
2a. Stachybotrys cylindrospora Jensen (26) 
Jensen's description of S. cylindrospora so closely resembles that of 
S. atra, it seems probable that they should be considered synonymous. 
Colonies round, thin, diffuse, becoining black with age ; mycelium 
branched, septate, hyaline, 0.5 to 3µ thick. Conidiophores hyaline at base, 
fuliginous toward apex, branched, septate, attenuate toward tip, 40 to 65µ 
high, bearing on the summit from three to nine sterigmata; sterigmata sub-
clavate, with or without short papillae, 8 to 11µ by 4 to 5µ; conidia borne 
singly, smooth, subcylindrical to sometimes ovate, 6 to 16µ by 3.8 to 5µ, 
hyaline when young, becoming fuliginous with age. 
From soil: United States: Iowa (33), New York (26) 
3. Stachybotrys lobiila.ta Berkeley (37) 
Colonies broadly spreading, black, dense; hyphae creeping, almost hya-
line, septate. Conidiophores arise from aerial mycelium, erect, up to about 
1 mm. long by 3 to 4µ thick, septate, almost hyaline at the base, darker 
toward the apex, with few branches, 30 to 35µ long, which are granular 
within. Sterigmata borne at the apex of the branches, usually three to 
five, black, finely warty, 11 to 12µ by 6µ, each bearing a conidium. Conidia 
black, finely warty or echinulate, round to elliptical, 9 to 12µ by 7 to 8µ. 
From soil : Iowa ( 3) 
38. Gliobotrys von Hohnel 1902 (37) 
Sterile hyphae sparse, creeping. Conidiophores hyaline, erect, scarcely 
swollen at the tip, carrying a thick crown of short hyaline, simple branchlets 
placed in a whorl. Conidia olive-green, ellipsoid, encased in slime and form-
ing a round head. 
1. Gliobotrys alboviridis v. Hohnel (37) 
Conidiophores hyaline with 1-5 cross-walls, usually unbranched, 120µ 
long, 5-8µ thick, a little thicker at the tip, carrying at the end 5-8 simple 
non-septate, cylindric branches, 10-12µ long. Conidia egg-shaped, 
bright olive or green, 4-6µ long, 3-4.5µ thick, encased in slime and 
forming a spherical head. 
From soil: United States: Iowa (33) 
39. Periconia (Tode 1691) Bonorden 1851 (37) 
Sterile hyphae creeping, abundant, scarcely transparent. 
Conidiophores erect or reclining, unbranched, brown, more or 
less swollen at the apex where the conidia are borne, seldom with 
short branchlets at the apex. Conidia borne singly, globose or 
ovoid, brown. 
Fig. 54. 
Periconia. 
(After 
Lindau). 
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KEY TO THE SPECIES OF THE GENUS PERICONIA 
a. Colony brown; conidia finely echinulate. P. lanata. 
aa. Colony white; conidia smootl:.. P. byssoides. 
•1. Periconia byssoides Pers. ( 3'7) 
Conidiophores grouped to form a colony, thread-like, rather rigid, sep-
tate, brown, light colored at the apex, about 1 mm. in height. Conidial 
heads globose, firm. Conidia globose, rather large, finely echinulate, dark 
brown, 5 to 7µ in diameter. 
From soil: United States: Idaho (36) 
2. Periconia lanata n. sp. 
Colonies spreading, floccose 
wooly white on the surface, reverse 
at first white, later yellow to brown, 
spotted by occurrence of dark brown 
to black sclerotia. Conidiophores 
prostrate or ascending, very variable 
in length up to 100µ, hyaline; con-
idia borne at the apex in an irregu-
lar head, on short sterigmata with 
inflated bases, globose to ovoid 3 x 
9µ, usually 5-7µ in diam., smooth, 
dark brown. 
~ 
From soil : Louisiana Fig. 55. Periconla Janata, n. sp. 
40. Synsporium Preuss 1851 (37) 
Sterile hyphae creeping. Conidiophores forming 
a turf, erect, septate, branched. Conidia oblong, borne 
in heads at the apex of the conidiophores, brown non-
septate. (The genus is Acrotheca with branched con-
idiophores). 
•1. Synsporium bigitttatum Preuss (37) 
Colonies spreading, at first dark, then coal black. 
Conidiophores creeping, then erect, branched, brown. 
Conidia large, ovoid, at first hyaline, then black brown, 
usually with an oil drop at each end Fig. 56. Synsporium. (After Lindau). 
From soil : England ( 16) 
41. Baslsporium Molliard 1902 (29) 
Hyphae creeping, at first hyaline, later dark, ultimate 
branchlets bearing cushion-like basidia either laterally or 
terminally. Conidia solitary, sub-globose, smooth. This 
genus approaches the genus Pachybasium among the 
Botrytideae and Rhinocladium among the Trichosporieae. 
1. Basisporium galla,rum Molliard (29 ) 
Both sterile and fertile hyphae creeping, at first hya-
line, then dark; sterile hyphae septate 18~t in diameter; 
fertile hyphae septate, 4µ in diam., much branched bear-
~ 
Fig. 57. BaslsPo-
rium. (After Lin-
dau). 
316 J. C. GILMAN AND E. V. ABBOTT 
ing swollen jar-like cells terminally and laterally on which are borne singly 
the suspherical, smooth, black conidia. Conidia one-celled, 11-14µ in diam. 
From soil : England ( 15) 
United States: New Jersey (53) 
42. Acremoniella Saccardo 1886 (37) 
Hyphae creeping or slightly ascending, unbranched 
or branched, hyaline or dark colored, bearing here and 
there short side branches, which bear conidia on the 
points. Conidia round or ovoid, borne singly, brown, 
one-celled. 
KEY TO THE SPECIES OF THE GENUS ACREMONIELLA 
a. Conidia globose, smooth. 
1. A. fusca var. minor. 
aa. Conidia pyriform, verrucose. 
2. A. brevia. 
1. Acremoniella fusca Kunze var. minor Corda (52) 
Fig. 68. Acremo-
mlella. (After Lin-
dau). 
Colonies spreading, greenish brown. 
with irregularly placed side branches. 
transparent, finally olive green. 
Hyphae yellowish-brown, forked, 
Conidia round, pale ochre color. 
From soil: United States: Alaska (53), Iowa, North Dakota (53) 
2. Acremoniella brevia n. sp. 
-
Colonies on Czapek's agar spread-
ing, felty or closely floccose; surface dark 
grayish to brownish green, with whitish 
superficial hyphae appearing in the 
center of old colonies. Reverse green 
black to black. Colonies consist of abun-
dant, dark colored verrucose, multisep-
tate aerial mycelium, bearing very short 
scattered conidiophores, 2 to 15µ long, 
verrucose, dark colored. Conidia borne 
Fig. 69. Acremomlella brevla, n. sp. 
terminally, pyriform to sub-globose, delicately rugulose, 
dark brown, 6.5 to 9.5µ by 5 to 6µ, one-celled; conidia 
sometimes almost sessile. Chlamydospores common. 
From soil: United States: Louisiana 
43. Dematium Persoon 1797 (37) 
Hyphae creeping, little developed or forming a turf. 
Conidiophores erect, unbranched or sparsely branched, 
septate, carrying conidial chains laterally. Conidia glo-
bose, or ovoid, sometimes held together by short inter-
stitial cells, one-celled, dark colored. Fig. 60. Dematlum. (After Lindau). 
A SUMMARY OF THE SOIL FUNGI 
1. Dematium scabridum n. sp. 
Grows poorly on Czapek's agar. 
On bean agar, abundant growth of 
fioccose, aerial mycelium, olive brown 
or dark olivaceous in color, becoming 
almost black; reverse uncolored. Con-
idiophores arise from submerged or sur-
face hyphae, often once forked, septate, 
up to 50µ long. Sterile hyphae multi-
:septate, cells often swollen, olivaceous. 
Conidia borne terminally on the con-
idiophores in very long chains which 
spread over the medium. Mature con-
idia pear-shaped, brown at first but be-
coming black when mature, thick 
walled, markedly verrucose, 15 to 23µ 
by 13 to 18µ. 
From soil: United States: Louisi-
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44. Hormodendrnm Bonorden 1851 (37) 
Sterile hyphae creeping, branched, septate. Con-
idiophores erect, septate, brown, variously branched 
or only little branched. Conidial chains acrogenous 
'°n the branches (often all the branches are borne on 
a single main stipe). Conidia globose or ovoid, olive 
green or brown, one-celled. 
KEY TO THE SPECIES OF THE GENUS 
HORMODENDRUM 
.a. Colonies olive green. 
b. Conidia 3-6 x 2.5-3.6µ. 
bb. Conidia 8-12 x 4-5µ. 
bbb. Conidia 4-12 x 2-4µ. 
aa. Colonies not olive green. 
b. Colonies brown. 
bb. Colonies gray. 
bbb. Colonies black. 
Fig. 62. Hormoden-
drum. (After Lindau). 
1. H. cladosporioides. 
2. H. olivaceum. 
3. H. viride. 
3. H. ho1·dei. 
4. H. pallidmn. 
5. H. nigrescens. 
1. H ormodendrum cladosporioides (Fresenius) Saccardo ( 26) 
Syn: Cladosporium herbariim (Persoon) Link 
Colonies dark olivaceous green, round, dense ; conidiophores erect, 
branched, 100 to 200µ long, olivaceous, toward the apex gradually attenuate, 
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ultimate branches copiously dividing with predominant tendency to dicho-
tomy, septate, articulate above; conidia cylindrical to broadly oval, oliva-
ceous, smooth, 3 to 6µ by 2.5 to 3.6µ, continuous or inferior ones rarely 
septate. 
From soil: England (15) (16) 
United States: California (53), Iowa (3) (33), Louisiana (53), Michi-
gan (19) (20), New Jersey (53), New York (26), Oregon (52) (53), Texas 
(53) 
2. Hormodendrum olivaceum (Corda) Bonorden (33) (37) 
Colonies olive green, spreading. Conidiophores erect, unbranched ex-
cept at the apex, olive green, 75 to 200µ long, born as lateral branches of 
the sterile hyphae. Conidial chains short. Conidia elliptical to short cylin-
dric, 8 to 12µ by 4 to 5µ, with intermediate cells of the chain swollen, and 
terminal cells often much smaller and globose. 
From soil: Iowa (33) 
3. Hormodendrnm viride (Fresenius) Saccardo (37) (33) 
Colonies gray-green, small. Conidiophores arising from prostrate 
mycelium, erect, septate, branched at the tip and ending in forked conidial 
chains. Conidia long or egg shaped, frequently with 2 oil-drops, green, 
smooth, 4-12µ x 2-4µ (Lindau (37) gives the conidial measurements as 7-8µ 
long). 
From soil: United States: Iowa (33) 
•4. Hormodendrum hordei Bruhne (26) 
Colonies brown at maturity, circular, dense; mycelium brown, septate, 
branched, 3 to 6µ thick; conidiophores simple septate, ascending or erect, 
50 to 100µ; conidia various, some cylindrical with ends rounded, truncate, 
or subattenuate, others ellipsoidal, ovate, or subglobose, regular or some-
what angular; with age many become once septate and verrucose, 4 to 14µ 
by 3 to 5µ, chains of conidia short. 
From soil: United States: Alaska (53), New York (26) 
•5. Hormodendrum pallidum Oudemans (26) 
Colonies orbicular, gray, not plainly zonate. Conidiophores erect, very 
light gray, upward dendroidly branGhed; primary and even secondary 
branches decussate, each succeeding branch and branchlet shorter than pre-
ceding, consisting of single cells, constricted at septa. Conidia variable in 
size, 12 to 20µ by 5 to 8µ. 
From soil: Holland (32) 
5. Hormodendrum nigrescens Paine (33) 
Colonies somewhat elevated, at first hyaline, becoming olive green, and 
finally black beneath with white surface; the hyaline mycelium appears 
slightly floccose; margin 2 mm. or more wide, hyaline. Sterile hyphae arise 
at the apex of the colony as fine bristle-like tufts above the conidiophores. 
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Conidiophores originating in the substratum, smoky, 300 to 400µ long by 
4.5 to 5µ in thickness, dendroidally branched, erect. Conidia green, sub-
spherical to ellipsoidal or spindle-shaped, seldom pointed at the ends, 4 to 
10µ by 2.5 to 4µ. 
From soil: United States: Iowa (33) 
45. Mesobotrys Saccardo (37) 
Conidiophores erect, dark colored, with whorls of fertile branchlets 
arising in the Iniddle portion; apex sterile. Conidia borne terxninally on 
the branchlets; ovoid, hyaline. 
1. Mesobotrys simplex n. sp. 
Colonies on Czapek's agar dark olive 
to brown green, slowly spreading, vel-
vety to sub-floccose, consisting of both 
submerged and aerial hyphae ; reverse 
greenish black. Conidiophores arise in 
groups from aerial hyphae, with aerial 
and submerged stolons surrounding the 
point of origin, swollen at the base, and 
tapering to a pointed apex; brown in 
color; sparsely and indistinctly septate; 
bearing on the Iniddle portion whorls of 
fertile branchlets, which may also be 
Fig. 68. Meoobotrya simplex, n. sp. 
once branched. Conidiophores 150 to 350µ long by 5 to 6µ in diameter near 
the base; branches up to 100µ long. Conidia borne singly and terxninally 
on the branches, oval to ovoid, light brown green, smooth, 3.5 to 5µ by 3 
to 3.5µ. 
From soil: United States: Louisiana 
46. Dicoccum Corda 1829 (37) 
Hyphae creeping, branched, septate, dark colored. 
Conidia terminal on short, erect side branches, elongate 
or short clavate, two-celled, sometimes biscuit form, dark 
colored. 
•1. Dicoccum aspermn Corda (52) 
Syn : Trichocladium asperum Harz 
Colony floccose, white at first, becoming dark to al-
most black with a shade of yellow; reverse yellowish 
bl k M 1. . f h 1. b h d l Fig. 64. Dicoccam. ac . yce ium consISts o ya me, ranc e , sparse y (After Lindau). 
septate, yellowish hyphae, 2.6 to 3.5µ thick; conidiophores 
arise as short side branches, 3 to 12µ long. Conidia at first hyaline, then 
brown to black, oval, two-celled; upper cell spherical, brown, thick-walled, 
spiny; lower cell usually smaller, spiny; conidia 20 to 22µ by 9 to 13µ. 
From soil: United States: Colorado (53), New Jersey (52) 
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47. Cladosporium Link 1816 (37) 
Hyphae creeping, septate, on the surface or in the substrate. Conidio-
phores almost erect, branched, and floccose, often forming a turf, olive 
colored. Conidia globose and ovoid, at first one-celled, then usually with 
a cross-wall, usually greenish, terminal and then pressed to the side. 
•i. Cladosporium epiphyllum Persoon (37) 
Colonies greenish black, large, thick; conidiophores at first erect, then 
falling, pale green; conidia very numerous, soon falling from the chain, at 
first one-celled, then 2 to more celled, olive green, 10-22µ long x 4-6µ thick. 
Waksman ( 52) gives: conidia 1- or 2-celled, 10-14µ x 3.8-5.2µ. 
From soil: England (15) (16) 
United States: California (52), New Jersey (52), Texas (53) 
48. Scolecobasidium Abbott (4) ~~ ~J> 
Hyphae creeping, septate; conidiophores arising as : 
short side branches from aerial hyphae, not erect, non- Fig. 65. Seo le co-
septate. Conidia elongate, two-celled, smooth, light oliva- baaldlum. 
ceous to almost hyaline, borne singly on short, terminal, 
thread-like sterigmata; one to three sterigmata on each conidiophore. 
1. Scolecobasidium terreum Abbott ( 4) 
Cultivated on dextrose bean agar, colonies round, 2-3 cm. in diameter; 
surface velvety, olivaceous; reverse greenish black. Hyphae light oliva-
ceous, septate. Conidiophores 5.0 to 8.0µ long by 2.0 to 2.5µ wide. Sterig-
mata 0.5 to 1.0µ long. Conidia T- or Y-shaped, two celled, light olivaceous 
to almost hyaline, smooth, 4.0 to 12.0µ long by 2.0 to 2.5µ wide. Perithecia 
or sclerotia not observed. 
From soil: United States: Louisiana ( 4) 
2. Scolecobasidium constrictum Abbott ( 4) 
Cultivated on dextrose bean agar, colonies round, 
seldom more than 3 cm. in diameter ; surface fuscous, 
olivaceous; reverse greenish black. Hyphae light oliva-
ceous, septate. Conidiophores 5.0 to 8.0µ long by 2.0 
to 2.5µ wide. S~erigmata 0.5 to 1.0µ long. Conidia 
two-celled, slightly constructed at the center, smooth, 
light olivaceous, 6.0 to 12.0µ long by 2.5 to 4.0µ wide. 
Perithecia or sclerotia not observed. 
From soil: United States: Louisiana ( 4) 
49. Helminthosporium Link 1809 (37) 
Colonies consist of conidiophores, loose or dense, 
regularly or irregularly velvety, brown to black, with 
strict or spreading margin. Conidiophores usually arise 
in groups, erect and straight, sometimes reclining, 
usually unbranched, only seldom with small side 
Fig. 66. Hclmintho-
sporium. (After Lin-
dau). 
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branches, septate, geniculate at points below the conidia, brown, green-
.brown to black, transparent or non-transparent. Conidia terminal or lateral 
i>n the geniculations, elongate, cylindrical, clavate or obclavate, smooth, 
·mostly rounded at both ends, or sometimes pointed at the base or at both 
ends, straight or bent, with more than one cross wall, dark brown, green 
brown to black, often with the end cells lighter colored. 
KEY TO THE SPECIES OF THE GENUS HELMINTHOSPORIUM 
a. Colonies floccose, conidia 22 to 26 by 9 to 11µ. 
1. H. subulaturn. 
aa·. Colonies velvety, conidia 15 to 23 by 4.5 to 7.5µ. 
2. H. interserninaturn. 
:aaa. Colonies velvety, conidia 40 to 90 by 10 to 15µ. 
· 3. H. anornalurn. 
·•i. Helrninthosporiurn subulaturn Nees (37) 
Colonies floccose. Conidiophores usually unbranched, straight, 11µ 
thick at base, 6 to 7µ thick at the apex. Conidia cylindric-ellipsoid, rounded 
at the apex, often attenuated at the base, with 3 to 4 septa, black brown, 
'22 to 26µ by 9 to 11µ. 
From soil: Japan ( 45) 
'412. H elrninthosporiurn interserninaturn Berk. et Rav. ( 37) 
Colonies broadly spreading, brown black, velvety. Conidiophores 
grouped thickly together, erect, also sometimes reclining, unbranched or 
branched, multiseptate, bent or with geniculations, brown, transparent, 
.sometimes swollen and with knobs at the apex, up to 500µ long, by 3.5 to 4µ 
thick. Conidia borne terminally or laterally on the geniculations, slender 
elongate, rounded at both ends, almost always with three septa, more seldom 
with two or four, cells of the same size, brown, transparent, 15.5 to 23µ by 
!5.5 to 7.5µ. 
From soil : England ( 15) 
:3. H elrninthosporiurn anornalurn, n. sp. 
Colonies on Czapek's agar slowly 
but broadly spreading, at first con-
:sisting largely of submerged hyphae, 
but later developing aerial hyphae and 
·conidiophores; velvety; surface green-
ish black to black, reverse black ; 
·aerial mycelium dark brown, sub-
merged mycelium dark brown to al- Fig. 67. Helminthoaporlum anomalum, n. sp. 
most black, multiseptate. On bean 
;.agar colonies become floccose and are dark brown green in color. Conidio-
;phores arise usually from submerged hyphae, more or less bent, and bearing 
.a terminal group of conidia, with lateral conidia borne singly and irregular-
ly on the geniculations; conidiophores mostly 150 to 400µ long, brown; 
ieonidia elongate, straight, rounded at both ends, 5 to 12 times septate, most-
~y 7, when mature 40 to 90µ long by 10 to 15µ broad. 
From soil: United States: Iowa, Utah 
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50. 8pondyloclaclium Martins 1817 (37) 
Hyphae creeping, septate. Conidiophores erect, un-
branched, slightly rigid. Conidia borne in lateral whorls, 
spindle-shaped, usually 3-celled, dark colored. 
1. Spondylocladium australe n. sp. 
Colonies on Czapek's agar spreading, floccose, aerial 
hyphae abundant; surface dark grayish to olivaceous 
green, with an olive gray floccose overgrowth in old cul-
tures ; reverse greenish black to black. Conidiophores 
arise from aerial mycelium, erect, multiseptate, genicu-
late, dark colored, bearing conidia terminally and later-
ally, either singly or in groups of 2 to 6. Apex of con-
Fig. 69. Spond;rlocladlum aaatrale, n. 
sp. 
2. Spondylocladium xylogenum 
A. L. Smith (43) 
idiophore often slight-
ly swollen. Conidio-
phores 80 to 250µ. 
long. Conidia borne 
in a terminal whorl 
and laterally on the 
geniculations, 25 to 
38µ. by 12 to 15µ., 
f 1. h l d Fig. 68. Spond;rlo-0 ten s ig t y curve , cladium. (After Lin-
smooth, three septate. dau). 
The two central cells 
are about twice as 
large as the end cells, and are dark 
colored, while the end cells are nearly 
hyaline. 
From soil: United States: Louisi-
ana 
Colonies on Czapek's agar spread-
ing, velvety, surface dark gray green to 
black green or black. Reverse black. 
Conidiophores arise from aerial myce-
lium, erect, dark colored, septate, geni-
culate, 75 to 150µ. long. Conidia borne 
terminally and laterally on the conidio-
phores, very thickly on the stalks, 15 to 
25µ by 8.0 to 13.5µ, three septate, curved 
slightly. 
From soil: United States: Louisi-
ana Fig. 70. Spond;rlocladium xylosenum. 
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51. Acrothecium Preuss 1851 (37) 
Hyphae creeping, slightly raised. Conidiophores 
erect, undivided, dark colored. Conidia long or spindle-
shaped, 3- or more celled, colored or almost hyaline 
forming a terminal head. 
1. .Acrothecium robustum n. sp. 
Colonies on Czapek's agar broadly spreading, vel-
vety, consisting mostly of submerged mycelium and 
aerial conidiophores, with little aerial mycelium; sur-
face black, reverse black. Conidiophores arise from sub-
merged or aerial hyphae, multi-septate, dark colored, 
thick-walled, smooth, 50 to 150µ long, averaging about 
100µ. Conidia borne typically in terminal heads, but 
are occasionally produced laterally on the conidiophores ; 
apex of the conidiophores very slightly inflated. Con-
idia elongate, barrel-shaped, 4- or 5-septate, thick-walled, 
dark colored, smooth, 37 to 50µ by 10 to 14µ. 
From soil: United States: Louisiana, Utah 
52. Tetracoccosporium Szabo 1905 (37) 
Conidiophores septate, branched, hyaline smoky. 
Conidia globose at the tips of short branches, black brown, 
divided by two partitions at right angles to each other 
into four cells. 
1. Tetracoccosporium paxianum Szabo 
Syn: Stemphylium paxianum 
Colonies on bean agar broadly spreading, margins 
of the colony finger-like; surface velvety, gray to green-
ish black or black; reverse uncolored. Aerial mycelium 
multiseptate, olivaceous, 4 to 6µ . thick. Conidiophores 
arise from submerged or aerial mycelium, sometimes 
once branched, multiseptate, olivaceous, smooth, up to 
75µ by 4 to 5µ. Conidia borne terminally and laterally, 
singly or in heads of 3, 4, or 5; 4-celled, cruciately sep-
tate, black, markedly verrucose. In old cultures conidial 
walls are so thick the septa are seen with difficulty. Con-
idia pear-shaped, 17 to 25 by 12 to 17µ. 
From soil: United States: Idaho (36), Utah 
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Fig. 71. •A.crothecl-
um. (After Lindau). 
Fig. 72. A.crothe-
clum robu1tum, n. 11p. 
Fig. 73. Tetracoc-
eo1porium. (After 
Lindau). 
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'53. Stemphylium Wallroth 1833 (37) 
Sterile hyphae, creeping, spreading, mostly dark 
<Colored, septate, floccose. Conidiophores arise as side 
branches, more or less erect, often very short, mostly un-
branched and often non-septate. Conidia borne singly 
and terminally, ovoid or almost club-shaped, often a 
little pointed, muriform, more or less dark colored to 
.non-transparent. 
KEY TO THE SPECIES OF THE GENUS STEMPHYLIUM 
a. Colonies black, conidia smooth. 
b. Pear-shaped or oval, constricted at apex. 
1. S. piriforme. 
Fig. 74. Stemphyl-
llum. (After Lindau). 
bb. Elliptical to almost globose, not constricted at apex. 
2. S. botryosum. 
:aa. Colonies dark olive, conidia verrucose. 
3. S. verruculosum. 
•1. Stemphylium piriforme Bonorden (37) 
Colonies somewhat spreading, black. Hyphae freely branched, creep-
ing, septate, smoky. Conidia terminal on the conidiophores, inverted pear-
shaped or oval, muriform with three to four cross-walls, slightly constricted 
at the septa, black gray, 25 to 30µ by 12 to 15µ, smooth. 
From soil: United States: Idaho ( 36) 
•2. Stemphylium botryosum Wallroth (37) 
Colonies very dark, orbicular; vegetative hyphae creeping, spreading, 
thin, irregularly branched, at first hyaline, then becoming light brown and 
finally dark brown, septate, flexuose, more or less moniliform. Conidio-
:phores arise as branches, short, flexuose, simple or branched, hyaline or 
colored, more or less rough, simple or forked at the summit. Conidia ter-
minating the primary as well as the secondary branches, with short pedicel, 
sometimes .nearly globose, sometimes elliptical or oblong, divided horizon-
tally into 2 to 6 compartments, of which one or several present a vertical 
<>r oblique septum, isabel-colored to brownish-black, 25 to 40µ by 16 to 20µ; 
surface of conidia with age finely dotted. 
From soil : England ( 16) 
-.it3_ Stemphylium verriiculosum Zimmermann (37) 
Colonies spreading, dark olive green. Hyphae curved, hyaline, branched, 
about 22µ thick, with short or long branches. Conidia inverted, egg-shaped 
<>r elliptical, with two or three septa, muriform, verrucose, brown, non-
transparent when mature, 17.5 to 22µ by 11 to 13.5µ. 
From soil: Japan (45) 
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54. Macrosporium Fries 1832 (37) 
Sterile hyphae dark brown to almost black; conidio-
phores seldom single, mostly arising in groups, erect, flexu-
ous or almost straight, septate, often with the upper cells 
somewhat swollen, usually unbranched, brown to black, 
usually transparent, conidia formed acrogenously, then be-
ing pushed laterally. Conidia terminal and single, ovoid 
or elongate, usually more or less club-shaped, sometimes 
drawn out to a light (hyaline) point, muriform, brown to 
black, often finely echinulate. 
KEY TO THE SPECIES OF THE GENUS 
MACROSPORIUM 
a. Colonies greenish brown, conidiophores 150 to 200µ 
long. 
1. M. cladosporioides. 
aa. Colonies black-brown, conidiophores up to 90µ long. 
2. M. commune. 
1. Macrosporium cladosporioides Desm. (37) 
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Fig. 75. Ma-
croaporium. 
(After Lindau). 
Colonies small, round, velvety, dark greenish brown. Conidiophores: 
arise in groups, erect, unbranched, gnarled, septate, almost hyaline, 150 to 
200µ long, 5µ thick. Conidia ovoid, elongate, or club-shaped, almost trans-
parent, (sometimes torulate), muriform, with two to ten cross-walls, 15 to· 
75µ long and 8 to 14µ thick; ovoid conidia finely granular, club-shaped 
ones smooth. 
From soil: England (15) (16) 
2. Macrosporium commune Rabenhorst (37) 
Colonies dense, brown to black-brown. Conidio-
phores arise in groups, ascending, usually unbranched, 
septate, not constricted at the septa, 80 to 90µ long by 
4 to 7µ thick. Conidia very variable, inverted, egg-
shaped, elongate, or club-shaped, narrowed at the base, 
with three to five cross-walls and several oblique trans-
verse walls, olive green or olive brown, usually with 
finely granular surface, 18 to 35µ by 8 to 14µ. 
From soil: United States: Idaho (36) 
55. Alternaria Nees 1817 (37) 
Sterile hyphae creeping, septate. Conidiophores 
single or in groups, erect, septate, mostly unbranched, 
short. Conidia inverted, club-shaped, mostly elongate 
at the tip, muriform in the lower portion, dark colored, 
lighter at the points, borne in more or less long, usually 
simple chains. Fig. 76. Altemamla.. (After Lindau)> 
i ( 
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KEY TO THE SPECIES OF THE GENUS ALTERNABIA 
a. Colonies black-green, conidia 50 by 16µ, rough. 
1. A. humicola. 
aa. Colonies brown, conidia 35-90 by 9 to 14µ, smooth. 
2. A. fasciculata. 
aaa. Colonies brown-green, conidia 30 to 36 by 14 to 15µ, smooth. 
3. A. tenuis. 
1. Alternaria humicola Oudemans (26) 
Colonies at maturity orbicular, black-green; fertile hyphae well de-
veloped, hyaline, articulate, 3 to 5µ in diameter, racemosely branched; 
conidia variable in shape, cylindrical, obclavate, oblong, lageniform, at first 
hyaline, later honey-colored, thin, dark, finally black-green and smoky, vari-
able in size, maximum 16 by 50µ, 3 to 7 times septate, muriform, in ad-
vanced age dense and very finely roughened, slightly or non-constricted at 
the septa. 
From soil : England ( 15), Holland ( 32) 
United States: Iowa (3), Louisiana (2), New Jersey (52) (53), Utah 
•2. Alternaria fasciculata Cooke and Ellis (26) 
Conidiophores brown, erect or ascending, irregularly curved, solitary 
or caespitose, septate, diameter uniform, 40 to 130µ by 3µ; conidia dark 
brown, oblong ovate, minutely apiculate, 35 to 90µ by 9 to 14µ, endochrome 
transversely two to seven times septate with usually several longitudinal 
septa, the apical cell short or elongated into a straight hyaline beak. 
From soil: United States: New York (26) 
•3. Alternaria tenuis Nees. (37) 
Conidiophores short, septate, unbranched or branched, brown green. 
Conidia in chains, muriform with three to five cross-walls, constricted at 
the outer walls, olive green or brownish black, very variable in size and 
shape, 30 to 36µ by 14 to 15µ. 
From soil: England (16), Japan (45) 
XIII. STILBACEAE 
56. Stysanus Corda 1837 (18) 
Coremia erect, clubbed-cylindric, dark colored, rigid. Con-
idia occurring in a loose, long or almost globose panicle, ovoid 
or lemon shaped, almost hyaline formed in chains. 
•1. Stysanus stemonites (Pers.) Corda (37) 
Coremia gregarious. Stalk thin, unbranched, brownish 
black, formed by a fascicle of elongated, septate, green-brown 
hyphae, ending at the tip in a cylindric head. Conidia ovate to 
lemon-shaped, bluish-green, transparent, formed in chains, 6-8µ 
long by 4-5µ in diam. 
From soil: United States: Maine (53), Michigan (20), 
Texas (53) 
Fig. 77. 
Styaanua. 
Lindau). 
(After 
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57. Tilachlidium Preuss 1851 (37) 
Coremia formed of fasciculated thread-like hyphae, 
branched; the secondary branches being sterigma-like, 
awl-shape, somewhat club-shape at the tip, furnished with 
litle heads, usually consisting of a single hypha carry-
ing on its end a conidial head. Heads slimy, later dry. 
Conidia one-celled, ovate, hyaline, occurring at the end 
of the conidiophore. 
•1. Tilachlidium humicola Oudemans (37) 
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Coremia circular, snow-white; turf wooly. Main 
stalk upright, cylindric, 35-40µ thick, made up of very 
delicate, articulate, closely interwoven hyphae, from all 
sides of which spring single hyphae as secondary branch-
es, basidia-like, 40-80µ long, erect unbranched, non-
septate, curved, with an almost club-like head. Conidia di~· <1.2t.et ll:.iC:::t 
bound together by mucus into a spherical, terminal, final-
ly dry head, 15-18µ in diameter, elongate or ovate, very bright green, 6-7µ 
long, 3-5µ thick. 
From soil : Holland ( 32) 
XIV. TUBERCULARIACEAE 
58. Hymenula. Fries (18) 
Conidial layer shield-shaped, regular, smooth bright 
colored. Conidiophores simple, seldom branched. Con-
idia egg-shaped, terminal single. 
•i. Hymenula affinis (Fautrey and Lambotte) Wollen-
weber (42) 
Syn: Fusarium affine Fautr. and Lamb. 
Conidia straight, somewhat dorsiventral near apex, 
apedicillate, typically 1-septate, 10.2 x 2.8 (9-11.4 x Fig. 79. H:rmenala. 
2.6-3)µ usually in a continuous smooth or slight rough- (After Sherbakoff). 
ened, slimy-layer, from hyaline to pale salmon-colored 
on a glucose agar; conidiophores from simple to sparingly branched, sep-
tate; mycelium hyaline; no chlamydospores. 
From soil: United States: Idaho (36) 
59. Volutella. Tode 1790 (37) 
Fruit layer superficial, disc-shaped 
or somewhat globose, sessile or on a short 
stalk, regularly formed, with long 
bristles or spines at the margin and 
sometimes in the middle of the disc. 
Conidiophores thickly gregarious, cover-
ing the entire disc, at the base united 
with the spines as branches, usually 
several times branched, the last branches 
forming a thick hymenium of fine, Fig. 80. Volutella. (After Lindau). 
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sterigma-like stalks. Conidia terminal, formed in masses, small, ovoid or 
elliptical, hyaline. 
1. r oltitella pirif ormis n. sp. 
Colonies on Czapek's agar broadly spreading, brown or grayish brown 
with superficial whitish aerial mycelium in old cultures; reverse brownish 
black. Mycelium largely submerged, dark brown; sporodochium sessile 
erumpent from the subicle, dark brown to black, pyriform, with long, dark 
sheathed spines arising from the base and up the sides, 75-150µ x 60-100µ. 
in size; spines up to 175 or 200µ long; conidia brown, elliptical, smooth. 
9.5-11.5µ x 5.5-7µ. 
From soil: United States: J_Jouisiana 
60. Fusarium Link 1809. (18) 
Conidial layer cush-
ion shaped or somewhat 
extended without a def-
inite limit. Conidio-
phores branched. Con-
idia terminal, single, 
spindle or sickle shaped, 
many celled with in-
distinct cross-walls. 
In the arrangement 
of the species of the 
genus Fusarium the 
sections as defined by 
W ollenweber, Sherba-
Fig. 81. Fuearlum. a-conidiophore ; b-microconidia ; c-chlamy-· 
dosphorell. ~ d-j, macroconidia typical of the sections ; d-Elegans; 
e-Martlell'b., f-Eu1ilonnotes, g-Ventricosum, h-Gibbosum: i-Dls-
color ; j-Roseum., 
koff, Reinking, Johann and Bailey ( 62) were used. The key is a modifica-
tion of that of Sherbakoff ( 42) changed to fit the forms reported from the 
soil. The synonymy has been brought up to date following the usage of 
Wollenweber (61). The descriptions have been taken chiefly from Sherba-
koff ( 42) since these were found most useful in the identification of the 
species found in the soils examined by the authors. 
KEY TO THE SPECIES OF THE GENUS FUSARIUM 
a. Microconidia on aerial mycelium usually present and dominately 0-
septate, ovoid, fusoid, reniform or pear-shaped. 
b. Conidial walls thin. Macroconidia attenuate at the tip ends, pedi-
cellate; terminal and intercalary chlamydospores present, color of 
conidia brownish to salmon; no blue or green color in conidia even 
as a diffusion from stroma; stroma on artificial media principally 
vinaceous to lilac. 
Section Elegans. 
c. Conidiophores simple or only slightly branched. 
d. Average macroconidia 36µ long. 
1. F. orthoceras. 
dd. Average macroconidia 45.6µ long. 
2. F. angustum. 
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cc. Conidiophores typically much branched. 
bb. 
d. In plate cultures on neutral potato agar producing exposed 
and distinct pseudopionnotes. · 
e. Average 3-septate macroconidia 29µ. 
3. F. elegantum. 
ee. Average 3-septate macroconidia 25µ. 
4. F. idahoanum. 
dd. No exposed or distinct pseudopionnotes in potato agar plate 
cultures. 
e. Macroconidia typically somewhat broader toward apex. 
5. F. blasticola. 
ee. l\facroconidia typically not broader toward apex. 
f. Bluish-black sclerotia on potato plugs. 
g. 3-septate macroconidia up to 45µ long. 
6. F. oxysporiim. 
gg. 3-septate macroconidia up to 55µ long. 
7. F . niveum. 
ff. Sclerotia not present. 
8. F. lini 
Conidial walls relatively thick. ~· cl'oeonidia somewhat truncate or 
rounded at the tip end, or at leas not distinctly attenuate, sometimes 
slightly constricted at the tip en ~erminal and intercalary chlamy-
dospores present; color of conidia brown-white to golden brown with 
occurrence of green to green-blue as diffusion from stroma. 
Section Martiella. 
c. Macroconidia comparatively long and narrow (from 7.4 to 9.3 
times longer than broad. 
9. F. radicicola. 
cc. Macroconidia comparatively short and broad (only about 5.5 times 
longer than broad. 
10. F. solani. 
aa. Macroconidia on aerial mycelium usually absent or 0-3 or more septate, 
uniform, comma, spindle to sickle shaped. 
b. Macroconidia apedicellate. Color type, orange to light salmon. 
c. Typical pionnotes always present; comparatively slow-growing 
fungi. 
Section Eupionnotes. 
d. Conidia typically one septate, three or more septa never 
present. 
11. F. dimerum. 
dd. Conidia typically 3-septate. 
12. F. udum. 
bb. l\facroconidia subpedicellate to pedicellate. 
c. Chlamydospores present. 
d. Terminal chlamydospores present; intercalary chlamydospores 
absent; no true sporodochia; macroconidia wedge-shaped to 
slightly sickle-shaped, not constricted at the top. 
Section V entricosum. 
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e. Dorsiventrality slight. 
13. F. argillaceum. 
dd. Intercalary chlamydospores present. 
e. Macroconidia with tip ends much attenuated; stroma typi-
cally brown, sometimes carmine. 
Section Gibbosum. 
f. Substratum, buff to cinnamon and sepia ; mycelium from 
hyaline to brown. 
g. Conidia typically 5-7 septate. 
gg. Conidia typically 3-5 septate. 
ff. Substratum white to red. 
14. F. caudatum. 
15. F. lanceolatum. 
g. Macroconidia strongly arcuate and not prominently 
broader at the middle. 
16. F. sanguineum. 
gg. Macroconidia not much curved and prominently broad-
er at the middle. 
17. F. bullatum. 
ee. Macroconidia with tip ends somewhat truncate; conidia 
ochreous to salmon. 
Section Discolor. 
f. Conidia non- to three-septate, rounded at both ends, of 
common type, numerous (those of discolor type usually 
only few). 
18. F. tricothecioides. 
ff. Discolor type of conidia common, and nearly the only type 
present. 
g. Conidial masses pale cream to pale pink in color, aerial 
mycelium well developed and nearly white. 
19. F. subpallidum. 
gg. Conidial masses of pale orange to dark chocolate-red 
in color, mycelium from nearly slightly · pinkish to 
dense carmine red. 
h. Macroconidia mostly 3 septate. 
i. Average length of 3 septate macroconidia 24µ. 
j. Mycelium and substratum red. 
20. F. sambucinum. 
jj. Mycelium and substratum not red. 
21. F. sulphureum. 
ii. Average length of 3 septate macroconidia 27µ. 
22. F. nigrum. 
hh. Macroconidia mostly 5-septate, average length 38µ. 
23. F. culmorum. 
cc. Chlamydospores absent. 
d. Tip ends of macroconidia gradually attenuate; when free-borne 
on aerial mycelium, sickle-shaped or none. 
Section Roseum. 
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e. Blue sclerotia present. 
f. l\facroconidia typically 5 septate. 
24. F. acuminatum. 
ff. Macroconidia typically 3 septate. 
25. F. graminum. 
ee. Blue sclerotia absent. 
26. F. avenaceum. 
dd. Tip ends of macroconidia somewhat constricted, conidial walls 
thick. 
Section Saubinetii. 
e. Macroconidia typically 3 septate. 
27. F. arid um. 
Section Elegans 
1. Fusarium orthoceras Appel and Wollenweber (42) 
Microconidia always greatly in excess, macroconidia ranging from rare 
to several percent of the total number of conigia, mostly nearly straight, 
sometimes slightly curved, typically 3-septate, 36 x 3.85 (2~-40 x 3.2-4) µ; 
aerial mycelium usually well developed, from white to a tint of oli_ys-buff; 
substratum, on potato agar rich in glucose, colorless at first, then from 
russet vinaceous to deep brownish vinaceous; no sporodochia; no pseudo-
pionnotes; no sclerotia. 
From soil : Europe ( 59) 
United States: Iowa, Louisiana, New Jersey (52) (53) 
•2. Fusarium angustum Sherbakoff ( 42) 
Conidia gradually pointed toward apex, from slightly curved to nearly 
straight or anguiform, usually distinctly pedicellate, mostly 3-septate, 45.64 
x 3.52 ( 42-49 x 3.3-3.6) µ, often 0- to 5-septate, sometimes 6- to 8-septate; 
on various agars usually producing thin pseudopionnotes, otherwise very 
similar to F. oxysporum. 
From soil: United States: New Jersey (52) (53) 
•3. Fusarium elegantum Pratt (36) 
Microconidia usually present in aerial mycelium, elliptical to oval or 
slightly curved, typically 0-septate, often 1-septate, averaging 7.5 by 2.8 
( 4.5-11 x 2-4.5) µ, the 1-septate averaging 12 x 3.2 ( 10-17 x 2.8-4.5) µ; ma-
croconidia in aerial mycelium, pseudopionnotes, and sporodochia, slightly 
curved, typically broader at the middle and in the upper half of their 
length, somewhat abruptly constricted toward the apex, slightly pedicellate, 
typically 3- and 4-septate, the 3-septate averaging 29 x 4.2 (19-41 x 3.5-
5.5)µ, the 4-septate averaging 33 x 4.6 (26-46 x 3.6-5.7)µ, sometimes 2-sep-
tate; 1-septate and 5-septate rare; aerial mycelium typically well developed, 
white; sporodochia and pseudopionnotes, light salmon-orange to salmon-
orange on most media, salmon-orange to old rose on Irish potato agar with 
10 per cent of glucose; substratum but slightly discolored or not at all, 
slight-yellow modification on steamed rice; flesh colored to pinkish wart-
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like plectenchymic bodies often abundant, especially on steamed melilotus 
stems; sclerotia often present, dark blue (on steamed potato media) ; chla-
mydospores usually present in old cultures, but never abundant, intercalary 
in the myceliµm. 
From soil: United States: Idaho (36) 
•4. Fusarium idahoanum Pratt (36) 
Microconidia always present in aerial mycelium and often in sporo-
dochia and pseudopionnotes, elliptical to oval, sometimes slightly curved, 
0-septate, average 7 x 2.4 ( 4-12 x 1.5-3.5) µ; macroconidia slightly curved, 
typically gradually attenuated toward the apex, slightly pedicellate typical-
ly 3-septate, averaging 25 x 4.1 (18-40 x 3-5)µ, 1-, 2-, and 4-septate common, 
5-septate rare; aerial mycelium typically well developed, white at first be-
coming pink to mallow-purple, often orange-pink when well filled with 
conidia, frequently developing shades of yellow on Irish potato agar with 
10 percent glucose; sporodochia and pseudopionnotes, light orange to orange, 
substratum (steamed rice) yellow to shades of brown, sometimes, in places, 
shades of pink to vinaceous; on Irish potato agar with 10 percent of glucose, 
a rich amber brown. 
From soil: United States: Idaho (36) 
5. Fusarium blasticola Rostrup ( 42) 
Syn. Fusarium sclerotioides var. brevius Sherbakoff 
Macroconidia gradually attenuate toward and more or less pointed at 
the apex, pedicellate, generally somewhat more distinctly curved near the 
apex, and broader in the middle or in the upper third of their length, typi-
cally 3-septate, 28.3 by 4.3µ ( 19 to 39 by 3.5 to 4.8µ), rarely 4-septate; 
chlamydospores observed only in mycelium (intercalary and terminal), and 
not very common, usually unicellular. Aerial mycelium on hard agars weH 
developed, of medium height (from 2 to 4 mm.) and density very frequently 
forming macroscopically observable knots at the hyphal tips, resulting in 
the production of numerous small sporodochia. Sclerotia not formed. Colo!" 
of conidial mass somewhat variable, but usually of a tint of pinkish buff; 
color of substratum varying from nearly colorless when young to cinnamon 
red, deep vinaceous and dark vinaceous purple. The vinaceous colors were; 
lacking in the culture isolated from the soil. 
From soil: United States: Louisiana 
•6. Fusarium oxysporum Schlechtendahl ( 42) 
Macroconidia gradually pointed toward apex, nearly cylindrical in 
middle half of their length, typically not broader toward apex, usually 
somewhat distinctly pedicellate, 3-septate dominant, 30.4 x 4.2 (27.5-34 x:. 
4-4.4) µ, in sporodochia and pseudopionnotes, 4-septate macroconidia fre-
quently, and 5-septate ones rarely present; in mass usually of pinkish buff 
color; aerial mycelium typically well developed of medium height (from 
3-5 mm.) and density from white to (in spots on boiled rice) congo pink ; 
substratum, on potato agar rich in glucose, vinaceous lilac, varying from 
colorless and orange vinaceous to pomegranate purple and vinaceous purple~ 
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plectenchym.ic sporodochia common on most of the media; bluish-black 
sclerotia (up to 3 mm. in diameter) constantly present on potato tuber plug 
:and sometimes on different agars. 
From soil: United States: California (53), Colorado (53), New Jersey 
(52) (53), North Dakota (53), Texas (56) 
7. F'itsarium niveum E. F. Smith (46) 
Sporodochia numerous, with reduced pionnotes, conidia in mass salmon-
eolored, macroconidia 3-septate, 25-55 x 3.5µ, up to 60 percent, 4- and 5-
septate, 45-60 x 3.5-5.2µ, up to 15 percent of the conidia present. Sclerotia 
present, large, blue to green in color. Very like F'. oxysporum but with 
larger conidia and larger sclerotia. Wollenweber (58) reports no odor from 
cultures of F'. niveum but a slight lilac odor on steamed rice, milk, etc. for 
F. oxysporum. Taubenhaus (46) reports a ripe banana odor with F. niveum. 
From soil: United States: Texas ( 46) 
8. F'usarium lini Bolley (10) 
Vegetative hyphae, light colored, 0.7-3µ in diameter, septate, branching 
irregularly, ramifying the tissue of the stems and roots of the host. Sporo-
dochia erumpent, compact, slightly raised, distinct but closely grouped upon 
the stems, pale cream to flesh colored. Sporophores rather short and closely 
branched, or conidia sometimes arising from wart-like or nearly sessile 
prominences upon a compact stromatic base. Conidia normally 3-septate, 
.fusiform, slightly curved or flacate, copiously produced in a bud-like man-
ner from the stroma and from short branches of the sporophores, 27 -38 x 
3-3.5µ. Mycelium on artificial media white, on acid peptone agar a beauti-
ful wine colol'. Chlamydospores terminal and intercalary. 
From soil: United States: Louisiana (53), New Jersey (53), North 
Dakota (53), Porto Rico (53) 
Section M artiella 
'9. Fusariiim radicicola Wollenweber (42) 
Macroconidia nearly straight near base, slightly curved in upper third 
of their length, with from somewhat rounded to distinctly constricted apex, 
slightly pedicellate, mostly 3-septate, 35.2 x 4.7 (31-40 x 4.6-5)µ; 0- and 
1-septate, microconida very common, 0-septate measuring 8 x 3µ; chlamy-
dospores common, terminal and intercalary, mostly 0- and 1-septate, 0-
septate averaging 9-10 x 8.7-8.8µ; pseudopionnotes typically absent, plecten-
chymic sporodochia often present; aerial mycelium well developed; color 
of conidia from white to olive, of substratum from pale yellowish to olive 
(on agar rich in glucose and on potato tuber plug). 
From soil: United States: Idaho (36) 
•10. Fusarium solani (Martius) Appel and Wollenweber (6) 
Microconidia always present, at least on aerial mycelium, same size 
and shape as those of F'. martii. Macroconidia typically somewhat broader 
in the upper half of their length, with from rounded to slightly constricted 
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apex, not at all or slightly pedicellate, typically 3-septate, 29.75 x 5.5 (27-
34.7 x 5.4-5.8)µ, sometimes 4-septate, rarely 5-septate; aerial mycelium 
from poorly to well developed, from white to olive-buff; substratum, on 
potato agar rich in glucose, olive-buff with a green-blue tinge. 
From soil : England ( 15) 
United States: California (53), Colorado (53), Hawaii (53), Louisiana 
(53), Maine (53), New Jersey (52) (53), Texas (53) 
Section Eupionnotes 
•11. Fusarium dimerum Penzig (42) 
Conidia lunar, somewhat pedicellate, typically 1-septate, 13 x 3.3 (12.5-
13.5 x 3.3-3.4)µ, often also 0-septate, rarely 2- or 3-septate, borne singly 
on the mycelium or forming a more or less continuous slimy layer, from 
hyaline to cinnamon-buff on glucose agar; mycelium from hyaline to about 
the color of the conidial masses; chlamydospores intercalary, in mycelium. 
From soil : United States : Idaho ( 36) 
12. Fusarium udum (Berkeley) Wollenweber (42) 
Conidia dorsiventral, usually somewhat broader toward the slightly 
rounded apex, apedicellate, typically 3-septate, 33-45 x 3.5-4µ, non- to two-
septate, very rare when mature, 4- and 5-septate, of from light vinaceous 
cinnamon to orange-cinnamon hues on agars rich in glucose; chlamydos-
pores usually found only in old cultures, terminal and intercalary, in con-
idia, in the tips of sterigmata, and in mycelium, often of dense orange color, 
0-septate, 6 x 5.5µ; aerial mycelium present only near margin of colony 
growth, very loose, short, hyaline, substratum colorless or approaching the 
color of the conidia. 
From soil : Europe ( 59) 
United States: Louisiana 
Section V entricosum 
13. Fusarium argillaceum (Fries) Saccardo ( 61) 
Syn. Fusarium ventricosum Appel and Wollenweber ( 42) 
Fusarium cuneiforme Sherbakoff ( 42) 
Conidia only slightly dorsiventral, more or less wedge-shaped, broader 
toward the base, with apex somewhat rounded, apedicellate, typically 3-
septate, 34.7 x 5.6 (30-41 x 5.6-6)µ, often 0- to 2-septate, in false balls, from 
hyaline to cream -colored ; no sporodochia ; aerial mycelium hyaline; in a high 
tuft in center, and short, distinctly zonate, outside; chlamydospores from 
smooth to very distinctly warted sometimes surrounded with a gelatinous 
capsule, terminal only, typically unicellular 8.2 x 7.6 (7.6-8.5 x 7.3-8.1)µ. 
From soil: United States: Louisiana 
Section Gibbosum 
14. Fusarium caudatum Wollenweber (42) 
Conidia with from parabolic to ellipsoid dorsal curve, conspicuously 
broader at the middle, with very long, narrow, whip-like apex, prominently 
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pedicellate, typically 5- to 7-septate; measuring on the average, 5-septate 
48 x 3-4.5 (40-80 x 3.0-4.5)µ; 7-septate, 64.7 x 4.6 (57-69 x 4.4-4.8)µ; rarely 
in pseudopionnotes; typically in small aplectenchymic sporodochia, tinted 
from cream-buff to cinnamon, clay and Saccardo's amber in a plate culture 
on a potato hard agar, rich in glucose; chlamydospores brown, intercalary, 
always present in greater or less abundance; aerial mycelium well developed, 
high, uniform, medium dense, from hyaline when young to sepia in old cul-
tures, mostly from brownish to dresden brown; substratum, on potato agar 
rich in glucose, from pinkish buff, when young to ochraceous tawny and 
snuff brown shaded to sepia in very old cultures. 
From soil : Canada ( 53) 
United States: California (53), Colorado (52) (53), Iowa (53), New 
Jersey (52) (53), Porto Rico (53), Texas (52) (53) 
•15. Fusarium lanceolatum Pratt (36) 
Conidia typically in pseudopionnotes, but also in aerial mycelium and 
sporodochia from nearly straight to strongly curved, usually distinctly 
pedicellate, typically 3-, 4-, and 5-septate, 6- and 7-septate common, higher 
septations rare, the 3-septate averaging 34 x 3.5 (22 to 52 x 2.5-5)µ, the 
4-septate, 40 x 3.8 (22-60 x 2.8-5)µ, and the 5-septate 48 x 4.1 (36-70 x 
2.8-5.7)µ; aerial mycelium scantily developed, white when present, to dark 
maroon when well filled with conidia; sporodochia and pseudopionnotes 
ochraceous-orange at first, becoming dark maroon, often brighter shades 
of red to Brazil red; substratum on steamed potato often a bright orange, 
yellow modification on rice becoming brown with age; chlamydospores singly 
and in chains. 
From soil: United States: Idaho (36) 
Sub-section Ferruginosum 
•16. Fusarium sanguineum Sherbako:ff ( 42) 
Conidia typically strongly arcuate, gradually pointed toward apex, 
distinctly pedicellate, 3- to 5-septate, 3-septate conidia averaging 33.5 x 3.6 
(24-37 x 3.4-3.8)µ, and 5-septate averaging 45.2 x 4.1 (40-47 x 3.9-4.2)µ 
single, in from small to medium-sized (up to 2 mm. in diam.) sporodochia 
and in pseudopionnotes, the latter form of fructification dominant on most 
media, especially on agars; chlamydospores almost always present, inter-
calary in conidia and in mycelial threads, borne singly, in chains and in 
clusters; aerial mycelium seldom well developed and then from white to 
different shades of pink, on various agars mostly absent, leaving exposed 
pseudopionnotes of ox-blood red color. 
From soil: United States: Idaho (36) 
17. Fusa1·ium bullafom Sherbakoff (42) 
Conidia typically somewhat less arcuate than the other species of the 
same section, less pointed toward the apex, and broader, usually distinctly 
pedicellate, mostly 5-septate, 42 x 4.3 (31-47 x 4.1-4.9)µ, from pale cream 
to salmon in color; chlamydospores intercalary in mycelium mostly in 
chains and from small to large clusters; aerial mycelium nearly always well 
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developed, of uniform medium height and density, nearly pure white in 
color, supstratum on various agars from colorless to a tint of light buff. 
From soil: United States: Alaska (53), Louisiana (53), Maine (53), 
New Jersey (52) 
•18. Fusarium trichothecioides Wollenweber (25) 
Conidia of common and discolor types, the former predominating and 
under ordinary cultural conditions occurring almost exclusively, mostly 
1-septate, 16 x 4.6 (14-17 x 4.2-5.4)µ, often 0- to 3-septate, seldom 4- or 5-
septate, 6-septate rare; sporodochial conidia sickle-shaped, 3- to 5-septate, 
24-42 x 4.5-5.5µ. F. trichothecioides can be recognized at once by color and 
appearance of its powdery masses of spores produced on aerial mycelium. 
Chlamydospores few and not prominent. 
From soil: United States: Idaho (36) 
•rn. Fusarium subpallidum Sherbakoff ( 42) 
Conidia sickle-shaped, typically abruptly constricted at apex, slightly 
pedicellate to papillate, somewhat broader in the middle, mostly 3-septate, 
29.1 x 5.53 (28-32.5 x 5.4-5.8)µ, 3- and 4-septate common, 6- and 7-septate 
very rare ; chlamydospores common, mostly in long chains ; aerial mycelium 
well developed ; plectenchymic sporodochia (up to 3 mm. in diam.) common; 
color of aerial mycelium from white to sea foam yellow and honey yellow; 
color of substratum, on agars rich in glucose, mostly from chamois to raw 
sienna and antique brown in some old cultures; color of conidia, in mass, 
commonly from pinkish-buff to pale orange, sometimes from green to blue. 
From soil: United States: Idaho (36) 
•20. Fnsarium sambucinum Fuckel (42) (61) 
Syn. Fusarium discolor Appel and Wollenweber (42) 
Conidia for greater part of their length of nearly even diameter, sickle-
shaped, gradually attenuated, often somewhat suddenly constricted at the 
apex, pedicellate, mostly 3-septate, measuring 24.2 x 4.7 (22-26 x 4.5-4.9)µ 
on aerial mycelium, in pseudopionnotes, and in plectenchymatic sporodo-
chia; by the presence of very large (up to 1.2 centimeters in diam.), warty, 
plectenchymic bodies (producing conidia or remaining sterile) of a pale 
pinkish buff with spots of darker color; chlamydospores scant, not in long 
chains; aerial mycelium from poorly to well developed, from pale pink-
buff to ochraceous orange and Eugenia red ; color of substratum, on agar;; 
rich in glucose, from pale salmon at an early stage and warm sepia in old 
cultures to tyrian and ox blood; color of conidia mostly from light ochra-
ceous salmon to ochraceous buff. 
From soil: United States: Idaho ( 36) 
•21. Fusarium sulphureum (Schlechtendahl) Wollenweber (42) (61) 
Syn. F. discolor var. snlphureum (Schlecht) App. & Wr. 
Differs from F. sambucinum by the absence of red color in mycelium 
and substratum and by entirely exposed pseudopionnotes on various agars. 
From soil: Europe (61) 
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.... 22. F'usarium nigrum Pratt (36) 
Conidia in aerial mycelium, pseudopionnotes, and sporodochia, slightly 
·curved, somewhat abruptly constricted toward the apex, typically broader 
at the middle and in the upper half of their length, typically 3- and 4-
septate, the 3-septate averaging 27.5 x 4.7 (18-38 x 3.6-5.9)µ, the 4-septate 
averaging 31 x 5 (21-43 x 3.6-6) µ; aerial mycelium typically well developed, 
from white to reddish brown, often nearly ox-blood red, the appearance of 
·shades of red and brown signalizing the development of chlamydospores ; 
on Irish potato agar with 10 percent of glucose, various shades of red and 
-brown, discoloring the media from amber-brown to nearly black; sclerotia-
like bodies, consisting of masses of mycelium; conidia and chlamydospores, 
·typically present on starchy media and steamed melilotus stems, from ox-
blood red to sepia brown and black; sporodochia salmon-orange to ochra-
,ceous-orange and buckthorn-born (on string bean agar). Chlamydospores 
terminal and intercalary, singly and in chains and groups. 
From soil: United States: Idaho (36) 
'23. F'usarium culmorum (W. G. Smith) Saccardo ( 42) 
'Syn. F'usarium rnbiginosum Appel and Wollenweber (6) 
Conidia for a greater part of their length of an even diameter mostly 
!5-septate, 38.5 x 5.85 (37-40 x 5.3-6.2)µ, somewhat suddenly constricted at 
apex; pedicellate, of distinctly ochraceous orange color under microscope; 
·chlamydospores of more or less common occurrence on mycelium and in 
-conidia, not in long chains; aerial mycelium well developed, high (up to 
1 cm. and more), very loose, at first from white to pinkish cinnamon, and 
·then to jasper and Eugenia red; substratum, on potato agar rich in glucose, 
of from spectrum red to carmine pomegranate purple, with more or less 
brick red color; color of conidia in mass from cinnamon and light ochra-
ceous to mikado brown and warm sepia; sporodochia Ininute, separate or 
·converging into pseudopionnotes. 
From soil: United States: Idaho ( 36), Iowa, Louisiana, Utah 
Section Roseum 
·•24. F'usarium acuminafom (Ellis and Everhart) Wollenweber (42) 
Conidia scattered, in sporodochia or in pionnotes, orange in mass. Con-
idia average as follows: 5-septate, 40-70 x 3-4.5µ; 4-septate (less common) 
30-60 x 3-4.5µ; 3-septate, 20-45 x 2.75-4.25µ. Conidia of 0-, 1-, 2-, 6-, and 
7 -septations are occasionally found. Sub-normal small conidia may be mis-
taken for conidia of the section Discolor but normal sporodochia develop 
<>n repeatedly whorl-like branched conidiophores, ·giving the characteristic 
conidia of the section Roseum. The conidia show in side view hyperbolic 
-or parabolic curves, in contrast to F'. metacroum App. and Wr., the conidia 
of which are as a rule more nearly straight. Blue globose sclerotia, 50-70µ 
thick, occur and form striking contrast to the carmine plectenchymatic 
thallus on starchy media, such as steamed potato tubers. Both blue and 
carinine are basic modification of the fungus while yellow (on rice) is the 
.acid one, turning blue to purple violet with the addition of alkali. 
From soil: United States: Idaho (36) 
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•25. Fusarium graminum Corda (37) 
Sporodochia erumpent, diffluent, golden yellow, interior white. Con-
idiophores branched, thin, conidia cemented, thin, spindle-shaped, straight, 
then curved, very pointed and pale colored, with 3-septa, 30-40 x 3.5µ. 
From soil : Europe ( 61) 
•26. Fusari1tm avenaceum (Fries) Saccardo ( 42) 
Syn. Fusarium subulatum Appel and Wollenweber 
Conidia slightly elliptically curved, typically of nearly even diameter 
for the greater part of their length, very gradually attenuate toward both 
ends, slightly pedicellate, typically 5-septate, 58 x 3.64 ( 48-65 x 3.4-3.85) µ, 
usually numerous, sometimes converging sporodochia (% to 1 mm. in 
diam.), produced near substratum and lower aerial mycelium, from pink-
flesh to apricot-buff and from coral red to brick red in color, with dark 
shades in old moist cultures; chlamydospores absent; aerial mycelium 
typically present, at first hyaline, then testaceous color and other hues of 
red, on various agars from vinaceous tawny and madder brown to pome-
granate purple and Eugenia red. 
From soil: Cosmopolitan ( 42) 
Section Saubinetii 
•21. Fusarium aridum Pratt (36) 
Conidia in aerial mycelium, pseudopionnotes, and sporodochia, slightly 
curved, typically broader in the upper half of their length, usually sudden-
ly constricted at the apex, slightly pedicellate, typically 3-septate, averaging 
27 x 4.2 ( 18-36 x 3-5) µ; 1-, 2- and 4-septate usually present, the 4-septate 
rare; aerial mycelium typically well developed, white at first, becoming 
pink to vinaceous; substratum on steamed potato plug, often vinaceous to 
Vandyke red; on Irish potato agar with 10 percent of glucose vinaceous-
purple to carmine j steamed rice shades of yellow and brown ; sporodochia 
and pseudopionnotes, salmon-orange to light-orange. Chlamydospores not 
observed. 
From soil: United States: Idaho (36) 
61. Myrothecium Tode 1790 (37) 
Conidial layer, shield or cushion shaped, black, sur-
rounded at the edge by fine hyaline cilia. Conidiophores 
short rod-shaped. Conidia very small, ovoid or cylindric. 
•i. M yrothecium roridum Tode ( 37) 
Sporodochium shield-shaped, then confluent and 
sessile, black, with a white rim, 2-6 mm. in diameter. 
Conidiophores unbranched or forked, bush-like, 30-40µ 
long, 2µ wide. Conidia cylindric truncated at both ends, 
with 2-oil drops, smoky olive-green, 8-10 seldom 14µ 
long, by 2µ thick. 
From soil: United States: North Dakota ( 53) Fig. 82. M7rothe-dum. (After Lindau). 
A SUMMARY OF THE SOIL FUNGI 
VII. MYCELIA STERILIA 
62. Rhizoctonia De Candolle 1815 (18) 
Sclerotia without definite form, often 
grown together, horny-fleshy, with thinner 
undifferentiated edges, frequently im-
bedded in the mycelium and bound to-
gether by mycelial strands. Fructification 
unlmown. 
• 1. Rhizoctonia solani Kuhn, Corticium 
vagum Berkeley & Curtis ( 11) 
Vegetative mycelium saprophytic in 
the soil and in wood in contact with the 
ground, and parasitic as in the Rhizoctonia 
solani stage in underground portions of 
various plants and forming at their sur-
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face underground minute sclerotia; fruc- Fig. sa. Rhizoctania. (After Burt). 
tification a thin arachnoid, perforate mem-
brane more or less separable, pale olive-buff to cream color; in structure 
60-100µ thick, composed of a few loosely interwoven hyphae running along 
the substratum and sending out short branches which bear basidia; hyphae 
in contact with the substratum may be slightly brownish, hyaline elsewhere, 
not incrusted, not nodose-septate, up to 6-10µ in diameter with branches 
smaller; basidia not forming a compact hymenium, 10-12 x 7.5-11µ, with 
4-6 sterigmata 6-10µ, long and more or less swollen towards the basidium; 
spores hyaline, even, flattened on one side 8-14 x 4-6µ. 
From soil: United States: Idaho (36) 
EXCLUDED SPECIES 
The following species which have been reported from the soil were not 
included in the key either because of insufficient knowledge concerning 
them or because it was felt they did not come within the scope of the paper. 
· 1. Aphanomyces laevis de Bary. A soil saprophyte (26) 
2. Sphaeronema fagi Oudemans. Isolated from decaying leaves (26) 
3. Coccospora agricola Goddard (20) 
4. Sachsia albicans Bay (26) 
5. Myceliophthora sulphurea Goddard (20) 
6. Geotrichum candidum Link. On barren soil (26) 
7. Papulaspora pannosa (?) (53) 
8. Corethropsis paradoxa Corda. On soil (26) 
9. Dematium pnllulans de Bary (53) 
10. Bispora pusilla Saccardo. From decaying wood in soil (26) 
11. Torula lucifuga Oudemans (26) 
12. Willia anomala Hansen (26) 
13. Willia saturnus Kloeker (26) 
14. Saccharomycopsis capsularis Schonning (26) 
15. Hansenia apiculata Lendner (26) 
16. Saccharomyces glutinus Fresenius ( 5) 
17. Allescheriella nigra ( 7) ( 45) 
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18. Trichoderma flavus Abbott (2) Trichoderma glaucum Abbott was 
listed in Louisiana Bulletin 194 under this name by mistake. 
"19. Scopulariopsis roseum (16) 
ADDITIONAL GENERA 
A number of fungi have been reported from the soil by genus name 
·only. A list of these for which no species are listed elsewhere in this paper 
·follows: 
1. Hypoderma (HyphodermaY) Hawaii (53) 
2. Sordaria Texas (53) 
3. Rhinotrichum New Jersey (53), Oregon (53) 
4. Zygodesmus Porto Rico (53), Oregon (52) 
5. Melanconium New Jersey (53) 
6. llyalopus Louisiana (2). Later identified as a species of Gliocladium, 
and reported in this paper as G. atrum, n. sp. 
7. Oedocephalum Louisiana (2). Later identified and reported in this 
paper as Cunninghamella verticillata Paine. 
8. Thielavia Louisiana (2) 
9. Marasmi1is Louisiana (2) 
"10. Monotospora Louisiana (2). Later identified as a species of Acremo-
niella, and reported in this paper as A.. brevia. 
·n. Epicoccum Louisiana (2) 
·12. Pestalozzia Louisiana (2) 
·rn. Brachysporiitm Louisiana (2). Later identified and reported in this 
paper as Spondylocladium xylogenum Smith. 
14. Periola England (16) 
15. Monascus Idaho (36) 
16. Rhapalomyces North Dakota (8) 
17. Colletotrichum North Dakota (8) 
18. Ozonium-Sepedonium. See Dale (16) 
19. Isaria Iowa (3) 
'.20. Sclerotium ( 52) 
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This paper is chiefly a report of a survey of the protozoan fauna of 
the rumen and reticulum contents of twenty-six cattle slaughtered in the 
abattoir at Iowa State College. The writers are very much indebted to 
Professor M. D. Helser and other members of the Animal Husbandry De-
partment of this institution for their kindly interest in the subject, shown 
by their co-operation in assisting and permitting us to secure the material 
for the examinations. The survey was made as an essential preliminary 
to an investigation of the physiological role of these protozoa in their hosts. 
The existence of a wealth of protozoan life in the rumen and reticulum 
of cattle was first noted by Grube and Delafond (1843). They likewise 
noted an almost equally remarkable protozoan fauna in the coecum of the 
horse, and found protozoa in the intestine of the dog and pig. Their de-
scriptions of four ciliates from the cow were sufficiently clear for Eberlein 
(1895, p. 234) and Sharp (1914, p. 45) to recognize in them the genera 
Ophryoscolex, Diplodinium, Entodinium, and Isotricha. 
Since Grube and Delafond, many papers have appeared which deal 
wholly or in part with various protozoa from ruminants. For a complete 
review of the subject up to 1914, the reader is referred to Sharp (1914). 
The more outstanding papers during this interval were those by Stein (1858, 
1859, 1867), Schuberg (1888, 1891), Fiorentini (1890), Eberlein (1895), 
and Braune (1913). Sharp (1914) published on the morphology of Diplo-
dinium ecaudatum and its varieties. He gave for the first time an accurate 
detailed description of the morphological organization of this ciliate, which 
is considered by many to be one of the most complicated cells of which we 
have any knowledge. His most noteworthy contribution, however, was the 
discovery of a neuro-motor apparatus, which suggested a coordinating sys-
tem similar in function to the nervous system of metazoan animals. Awe-
rinzew and Metafowa (1914) gave an account of five supposedly new species 
from oxen slaughtered in St. Petersburg. As we shall see later, four were 
synonyms of already described species, and the fifth may possibly be new, 
although the creation of a new genus for it was not justifiable. Cunha 
(1914) published on the ciliates found in the stomachs of Brazilian cattle. 
There is nowhere in the literature, however, a complete compilation of all 
the protozoa described from the rumen and reticulum of the cow, although 
Buisson (1923) mentions and figures most of the ciliates. 
The protozoan fauna of the first two divisions of the stomachs of cattle 
belong to three classes (or sub-phyla), the Sarcodina, Mastigophora, and 
Infusoria, and embrace thirteen valid genera and thirty-nine species and 
varieties. In this paper, three hitherto undescribed species of ciliates and 
one previously known species of amoeba not hitherto reported from the 
cow are presented. 
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CLASS SARCODINA 
Liebetanz (1910) and Braune (l 913) established the presence of one 
member of this class, Endamoeba bovis, in cattle. We have found one other 
which is described below. 
Family AMOEBIDAE Bronn 1859 
Genus V AHLKAMPFIA Craig 1913 
This genus was established for an amoeba cultivated by Musgrave from 
the faeces of a patient suffering from amoebic dysentery. Its shape is oval 
or spherical when not in motion, and very irregular when the amoeba is 
moving. There is little distinction between ectoplasm and endoplasm in 
small amoebae, but in larger amoebae the ectoplasm is more refractile. The 
nucleus is well defined in living organisms, appearing as a circular, re-
fractile body surrounded by a narrow hyaline halo ; the nuclear membrane 
is indistinct. Stained nuclei show a large central karyosome filling at least 
two-thirds of the nucleus, and an indistinct nuclear membrane with a zone 
of fine chromatin granules. The amoeba has one contractile vacuole. It 
has no flagellated stage in its life history. 
1. Vahlkampfia lobospinosa (Craig 1912) Craig 1913 
This is normally a free-living amoeba, but Craig (1925) believes that 
it may exist in the human intestine and live there for a limited period, as 
he has found what he believes to be the vegetative form of this amoeba in 
uncontaminated human faeces. The writers found it present in consider-
able numbers in the rumen of one cow. Whether they were ingested with 
the drinking water, or had succeeded in establishing themselves there as 
accidental parasites is not known. 
Specimens studied from cultures showed nuclei with karyosomes some-
what smaller than those figured by Craig, and the nuclear membrane was 
more distinct, with very little granulation (Fig. 1). Fine linin threads 
radiated from karyosome to nuclear membrane. Several large individuals 
with two, three, and four nuclei were found. No contractile vacuole was 
present. In locomotion the clavate shape was often temporarily assumed. 
Size: uninucleate forms, 18 x 10µ; multinucleate forms, 24 x 18µ. Cysts 
with one or two nuclei (Fig. 2). Size of cysts 7 to 11µ. 
Family ENDAMOEBIDAE Calkins 1926 
Genus END.AMOEBA (Leidy 1879) Stiles and Boeck 1923 
Type: Endamoeba blattae Leidy 1879, an inhabitant of the intestine 
of the cockroach. The nucleus possesses a small chromatic endosome sur-
rounded by a halo. The nuclear membrane is beaded with chromatin gra-
nules. There is a linin reticulum on which chromatin granules may be 
suspended between the halo and the nuclear membrane. No contractile 
vacuole. All parasitic. 
2. Endamoeba bovis (Liebetanz 1910) Braune 1913 
We have encountered specimens of this amoeba several times in small 
numbers, but were unable to affix them to the slide for staining purposes. 
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The nucleus is similar to the Endamoeba histolytica type in unstained speci-
mens. Cysts have not yet been described. Size about 20µ. For figure 
see Braune (1913). 
CLASS MASTIGOPHORA 
Liebetanz (1910) deserves credit for the discovery of flagellates in the 
stomachs of cattle. He describes and figures fourteen species of them. His 
results, however, are open to very serious criticism, as he used the dry fura-
tion method which is unreliable for careful morphological studies of flagel-
lates. (Vide Braune, 1913, p. 119). All of his flagellates are the type with 
one flagellum, while Braune (1913) found that three out of the five species 
which he found in the cow had three or more flagella. As an example of 
one of the errors into which Liebetanz was led, we point out his Fig. 6, 
which he calls Sphaeromonas communis. It was undoubtedly a Trichomonas 
with an undulating membrane which he actually saw. Then there is the 
further likelihood that many of his species were free-living protozoa which 
the cattle had swallowed with their drinking water. His Dinoflagellates, 
Peridinium tabulatum and Amphidinium lacustre were undoubtedly of this 
nature because, as he himself states, they possessed neither flagella nor move-
ment. 
For the sake of adding completeness to this work we herewith list the 
species of flagellates described by Liebetanz (1910), recognizing their valid-
ity as flagellate parasites of cattle only insofar as they have been restudied 
and their validity confirmed by Braune (1913). 
1. Sphaeromonas communis 
2. Sphaeromonas minima 
3. Sphaeromonas ma,xima 
4. Oikomonas communis 
5. Oikomonas minima 
6. Cercomonas rhizoidea communis 
7. Cercomonas rhizoidea minima 
8. Cercomonas rhizoidea maxima 
9. Piromonas commiinis 
10. Piromonas minima 
11. Piromonas maxima 
12. Mastigamoeba bovis 
13. Peridinium tabulatum 
14. Amphidinium lacustre 
The work of Braune (1913) bears the mark of thoroughness. We have 
found three of his five species in the cow, and one in the sheep. 
Family MONADIDAE Kent 1880 
Genus MONAS Mueller 1773 
Small, spherical, colorless forms possessing one flagellum, or one long 
and one extremely short flagellum. 
3. Monas communis (Liebetanz 1910) Braune 1913 
Syn. Sphaeromonas communis Liebetanz 1910 
Spherical, about four microns in diameter. Nucleus at anterior end. 
Flagellum ari§es from basal granule connected with the nucleus by a rhizo-
348 ELL:E<RY R. BECKER AND MARY TALBOTT 
plast. Flagellum directed backwards during locomotion. It is a weak 
swimmer. Mouth and contractile vacuole not known to be present. We 
have found this flagellate in a few cattle. 
Genus PTROMON.AS Liebetanz 1910 
Small, pear-shaped, colorless forms. Anterior end in comparison to 
posterior end is more reduced and rounded. The nucleus lies just in front 
of the middle of the body, beside a lateral indentation of the body. The 
flagellum arises from a basal granule near the nucleus and wraps itsel~ 
about the long axis of the body during locomotion. 
4. Piromonas communis Liebetanz 1910 
Body about 8µ in length, flagellum 23µ. Although Braune reports that 
it is frequently found in European cattle, we have not found it. 
Family TETRAMITIDAE Biitchli 
Genus EUTRICHOM.ASTIX (Kofoid and Swezy 1914) Stiles and Hassal 1925 
(nee TRICHOM.ASTIX Blochmann 1884) 
Three anteriorly directed flagella, one larger posteriorly directed flagel-
lum; all four originate in an anterior blephoroplast. Adjacent to the latter 
are the crescentic cytostome and the nucleus. From the latter the slender 
axial axostyle passes to the posterior end. 
5. Eutrichomastix ruminantium Braune 1913 
The morphology of this species does not correspond exactly with the 
generic characters stated above, for the posteriorly directed flagellum and 
cytostome have not been observed. There is an abundance of dark staining 
reserve food substance in the cytoplasm, which makes internal structures 
difficult to observe. We have found this flagellate in sheep, but not in 
cattle. Body length about 8µ (Fig. 4) 
Genus TRICHOMON.AS Donne 1837 
Three, four, or five anteriorly directed flagella; undulating membr~ne 
bounded externally by flagellum running from anterior toward posterior 
end. Axostyle present. 
6. Trichomonas rnminantium Braune 1913 
This species was observed by us in both sheep and cattle. It sometimes 
occurs in large numbers. There are three long anterior flagella. Size in 
stained preparations"( to 9µ (Fig. 5). 
We have succeeded in cultivating this flagellate in the Hogue ovomucoid 
medium which is so useful for the cultivation of the flagellates of the human 
intestine (Hegner and Becker 1922). :rn cultures it increases rapidly. It 
advances through the mass of bacteria by thrusting its flagella forward 
into the mass and lashing them backwards. The undulating membrane, 
with the rotating of the body on its long axis, serves to clear a tunnel along 
the path of the flagellate, so that it is able to turn about easily and even 
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reverse its direction. We have never observed any flexion or active move-
ment of the axostyle, as has been described by some writers for other Tricho-
monas. It seems to serve as an organ for giving the body rigidity. 
Family POLYMASTIGIDAE 
Genus C.ALLIM.ASTIX Weissenberg 
Body elongated, egg-shaped; nucleus anterior to the middle; in anterior 
region a number of basal granules, from each of which a flagellum united 
with the others arises and passes posteriorly on one side. The flagella vi-
brate as a unit. 
7. Callimastix frontalis Braune 1913 
As described by Braune (1913), this species has a clear, granule-free, 
disk-shaped area (Stirn! eld) in the anterior part, on the margin of which 
lie 12 basal granules, which give rise to 12 flagella (Fig. 3). These flagella 
are united and function as a unit. Outside of the Stirnfeld, the endoplasm 
is filled with deeply staining granules. The nucleus is small and lies just 
back of the Stirn! eld. Length of body about 12µ; flagella, 30µ. 
We have found this flagellate in two instances. It is not as lively in 
its movements as Eutrichomastix and Trichomonas, and is easily overlooked. 
It moves about jerkily, and in a circle. 
CLASS INFUSORIA 
Family ISOTRICHIDAE Biitschli 1888 
Genus ISOTRICH.A Stein 1859 
This genus is difficult to define on account of the wide disagreement 
in the interpretation of its structures. Perhaps it would be best to give 
in general Schuberg's (1888) definition. Body egg-shaped, dorsoventrally 
compressed; surface covered with long cilia which run in longitudinal rows, 
so that the striations meet along a line running from the mouth (at or near 
the anterior end) to the posterior end (this line is the so-called Mundnaht); 
at the posterior end is a peculiar structure which Stein designated as the 
Afterspalte or anal split; gullet long, at anterior end, with fine spiral stria-
tions; several contractile vacuoles in anterior body region; micronucleus 
dose beside macronucleus, both enclosed in a capsule which is joined to the 
body wall by connecting strands, or Kernsteile. In locomotion the posterior 
end is forward, the mouth lying in the end away from the direction of 
movement. 
The controversial points in Isotricha are the Afterspalte, the Mimdnaht, 
and the K ernsteile. The morphology of this ciliate needs a complete re-
investigation. We have, however, studied it in sufficient detail to feel sure 
that the Afterspalte is, as Schuberg claimed, merely a thickening of the 
"dermal" layers. There is, however, as Braune (1913) described, also a 
weakly bow-shaped series of fibrils in the region of the body lying near 
the so-called Afterspalte. Braune (1913) identified this structure with 
the Afterspalte of Stein and Schuberg. As a matter of fact, both structures 
are present (see Fig. 6). The so-called Mundnaht is short, terminating long 
before it has reached the mouth. In fact, we feel doubtful if the so-called 
mouth is a mouth at all. We have never seen any solid food in the endo-
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plasm, which is remarkably clear. The existence of a ciliated tube leading 
from the circular surface opening does not necessarily imply a gullet, for 
it is plain that it may represent merely an invagination of the surface lay-
ers, vital membrane, cuticle, cilia, and all. And this invagination may be 
in the region of the primitive anus! If the line where the striations meet 
is comparable to the Mundnaht of, for example, Chilodon, it should end 
at the so-called mouth. Since it does not, it seems more likely that the 
mouth has disappeared as it shifted posteriorly, and that the organism 
became a saprophyte. This view is certainly a saner one than one which 
presumes either a physiological reversal of the organism, or the shifting 
of the mouth clear to the posterior end. F'or the latter to be true, the anus 
must have shifted to the front! We fail, however, to recognize in the After-
spalte other than a thickening of the cuticle and vital membrane-similarly 
Schuberg. We have seen Braune's so-called Afterfibrillen arising from 
basal granules and can see in them more likelihood that they represent a 
part of a neuromotor apparatus, than that they have anything to do with 
an anal structure. 
8. Isotricha prostoma Stein 1859 
So-called mouth at the end which is backwards in locomotion, lying 
somewhat toward "ventral" side (Fig. 6). Size 80to195µ x 53 to 85µ. We 
have frequently found this ciliate in large numbers. 
9. Isotricha intestinalis Stein 1859 
So-called mouth lying in a surface indentation somewhat removed from 
the end which is backwards in locomotion (Fig. 7). Size 97 to 130µ x 68 to 
88µ. We have found this species occasionally. 
Genus DASYTRICHA Schuberg 1888 
Body oval, flattened dorsoventrally; body covered with cilia arranged 
in longitudinal spirals. Nucleus without supporting kernstiele. Striations 
in so-called pharynx are longitudinal, in contrast to those in Isotricha 
which are said to be spiral (we believe them to be longitudinal in pharynx 
of Isotricha also). There is considerable controversy over the structure 
of this ciliate also; e.g., Braune would unite this genus with Isotricha. We 
believe it legitimate to retain the genus on the spiral striations of the body 
alone. 
10. Dasytricha ruminantium Schuberg 1888 
Only one species of above described genus (Fig. 8). Length 50 to 
75µ; width 30 to 40µ. We have found this ciliate frequently and in large 
numbers. 
Family Btl'TSCHLIIDAE 
Genus BtJTBCHLIA Schuberg 1888 
Small holotrichs, more or less ovoid in shape; mouth at anterior end, 
surrounded by cilia longer than those over the entire remaining body sur-
face; ectoplasm extremely thick at anterior end, but thin over remainder 
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of body; nucleus more or less spherical, but micronucleus not yet observed. 
There is always a mass of crystalline refractile concretions, the Coocre-
menthauf en. 
11. Butschlia parva Schuberg 1888 
Anterior end of body sharply truncated, body otherwise rounded; 
mouth situated in the middle of the anterior end leads into a short conical 
pharynx; no anus present; cilia over body arranged in longitudinal rows; 
contractile vacuole absent according to some authors, occasionally present 
according to others (Fig. 9). Length, 30 to 50µ; width, 20 to 30µ. 
We have not found this or any other species of Biitschlia in our sur-
vey. Sharp (1914, p. 51) implies that he observed B. parva from cattle 
slaughtered in California. 
12. Butschlia neglecta Schuberg 1888 
This species resembles B. parva, except that the posterior end is some-
what pointed and provided with four indentations, so that a cross section 
through the posterior end would present the form of a cross with the inner 
angles rounded. Length, 40 to 60µ; width, 20 to 30µ. 
13. Butschlia lanceolata Fiorentini 1890 
So far as we can learn, this species has been observed by no one since 
Fiorentini. The body is lanceolate in form, presenting in the upper fifth 
of the body a stricture in the form of a collar surmounted by very fine 
cilia. At the anterior end is an oval aperture followed by a pharynx which 
extends backwards a third of the length of the body. The nucleus is large 
and pale. A mass of calcareous concretions is located in the posterior part 
of the body. Size 48 by 20µ. 
Family OPHRYOSCOLECIDAE Stein 1858 
Genus ENTODINIUM Stein 1858 
Members of this genus possess no cilia other than an adoral zone of 
brush-like membranelles. The mouth occupies most of the truncated an-
terior end; gullet passes posteriorly from the mouth; anus small, at pos-
terior end. There is in all lmown species one macronucleus, one micro-
nueleus, and one contractile vacuole. The surface is generally finely striated 
longitudinally, the striations being difficult to observe. 
14. Entodi11ium bursa Stein 1858 
The body is said to be flattened dorsoventrally; but if by homology 
we use the terms which Sharp (1914) applied to Diplodinium ecaudatum, 
it would be more correct to say that it is flattened laterally. The anterior 
end is sharply truncated. The large macronucleus extends at least four-
fi:fths the length of the body. The micronucleus is closely adpressed against 
the macronucleus. One contractile vacuole is present, usually represented 
to be on side opposite the nucleus. We found the vacuole more often in 
the position figured (Fig. 10). Surface of body conspicuously longitudinal-
ly striated. According to Schuberg the length is 55 to 114µ, width 37 to 
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78µ. We find that the average size is about 80 by 60µ. Fig. 10 represents 
one of the smaller sizes. 
We found this species to be present in all but a few of the cattle ex-
amined. 
15. Entodiniitm minimum Schuberg 1888 
Flattened laterally (cf. E. bursa); dorsal margin of the body (nearest 
the nuclei) strongly convex; ventral margin almost straight, or slightly 
curved; body faintly longitudinally striated (not shown in our figure) ; 
average size 40 x 22µ. We found this ciliate occurring more frequently 
than any other in American cattle (Fig. 15). 
16. Entodinium caudatttm Stein 1858 
This Entodiniitm distinguishes itself by the presence of three caudal 
prolongations of the body; one, a long, narrow, dorsal, tail-like process; the 
other two, short, broad, triangular processes, one on each side of the body 
(Fig. 11). The macronucleus is roughly half as long as the body and lies 
in the anterior dorsal region. The left side of the body is hollowed out 
from in front of the middle progressively toward the rear. 
We have found specimens which are identical with the typical E. cau-
datum except that the dorsal process is broad and short, instead of atten-
uated (Fig. 13). This form might be construed to be E. bicarinatum Cunha 
(1914). The only difference seems to be that of the size of the dorsal caudal 
process. Size, 81 x 40~t, not including caudal processes. , 
We have found this species in more than one-third of the cattle we 
have examined. 
17. Entodinium bicarinatum Cunha 1914 
We discussed under E. caudatum what we believe might be this species. 
It resembles E. caudatum except that the dorsal spine is shorter, and the 
left side of the body is not as deeply hollowed out (Fig. 13). It may be 
a separate species or a young E. caitdatum. Cunha found only a few iso-
lated individuals. We have found a few in the material from each of six 
cattle. Size, 61 x 35µ. 
18. Entodiniitm furca Cunha 1914 
This species is distinguished principally by two unequal caudal pro-
longations of the body, one dorsal, and one ventral (Fig. 12). Nuclei and 
contractile vacuole in dorsal region. Average size of our specimens, 52 
x 27µ. 
We have encountered a few individuals of this species in several dif-
ferent cattle. 
19. Entodinium rostratum Fiorentini 1889 
The posterior end is rounded, and bears ventrally a caudal process 
which curves in slightly toward the axis of the body. Length of the spine 
is variable, but may be approximately as long as the body. Length of body, 
not including spine, 50 to 60µ; width, 20 to 30µ. 
We have not seen this species. We thought at first that we had found 
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it, but more careful scrutiny of the specimens showed a set of dorsal mem-
branelles, thus eliminating them from the genus Entodinium. 
20. Entodinimn dentatum Stein 1859 
There is no special distinctive feature about the anterior en<.YOf this 
species. The periphery of the posterior end is set with six incurved tooth-
like prolongations of the body; two on each side, and one on each of the 
dorsal and ventral surfaces. Schuberg (1888) cast some doubt upon the 
propriety of placing this species in the genus Entodinium, for he says that 
a more exact study discloses that there is a second Wimperzone, and for 
such he created the genus Diplodinium. Eberlein ( 1895), however, again 
found E. dentatum, so that there can be little doubt of its legitimacy. Size, 
00 to 90µ by 30 to 50µ. We have not seen this species. 
Genus DIPLODINIUM Schuberg 1888 
The genus was created by Schuberg for a ciliate resembling E. denta-
tum Stein which possessed a second W imperzone. He was probably wrong 
in assuming that Stein (1858) had overlooked a second zone of membra-
nelles when he described Entodinium dentatu'm, for Eberlein (1895) later 
confirmed tein's description. Stein gives no illustrations, however. It is 
not to be doubted as Sharp (1914) says, that Schuberg had before him a 
species different from E. dentatum Stein, and correctly referrable to the 
genus Diplodinium, because it had. a dorsal membranelle zone. Yet it must 
have been otherwise very much like E. dentatum Stein, and this species 
has six posterior tooth-like processes. Diplodinium denticulatum Fiorentini 
(1889) would resemble more the type species of the genus than Diplodini1tm. 
de1itatum Fiorentini (1889) which has only three posterior extensions of 
.the body. 
To state the matter briefly, the whole difficulty in accepting Sharp's 
suggemion to adopt D. dentatum as the type species is that Schuberg's 
D. dentatum is not D. dentatum Fiorentini, but D. denticulatum Fioren-
tini, which, as we shall explain below, is an entirely different species. We 
shall leave the matter for some future systematist to clear up. 
21. Diplodinimn magii Fiorentini 1889 
This is the largest species of the protozoa found in cattle. The anterior 
surface is sharply truncated. There is an adoral zone of membranelles, 
and a dorsal zone which almost, but not quite, describes a complete circle 
or spiral as is figured by some authors. The membranelles are wanting 
in the ventral arc of the circle. The nucleus is shaped very much as in 
D. bursa. The general appearance is much the same as for D. mediwn 
except that the nucleus is typically pistol-shaped. The endoplasm is usual-
ly very dark and filled with a granular substance. With iodine a typical 
glycogen reaction is usually given. Dasytricha and Entodinium are often 
ingested as food, along with pieces of plant fiber. Movement is slow and 
cumbersome. We can sometimes sec on the right side of the body a skeletal 
area resembling that of D. b1trsa. Does this species represent merely en-
larged D. bursa, engorged with food and glycogen? It divides so as to 
produce two large individuals to be sure. We see no way of settling the 
question at present. Size, 175 to 255µ by 120 to 175µ. 
We have found this species occasionally. 
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22. Diplodinimn bursa :l!""'iorentini 1899 
This species is similar to D. magii in shape, being more "shaped like 
a heart with auricles cut squarely off" than D. rnagii. There is a collar-
like ridge or fold of ectoplasm surrounding the operculum, the adoral and 
dorsal zones of membranelles (F.igs. 21, 23). The anus at the posterior 
end is large and lined by a reflection of the cuticle. The two contractile 
vacuoles lie dorsal to the nucleus. Between the nucleus and contractile 
vacuoles is a bright line, (shown in black in figs. 21, 23)' which probably 
represents a thickening of the cuticle. The macronucleus is pistol-shaped, 
and holds the . one micronucleus in the bend between the handle and the 
barrel. It lies on the right side of the body. 
There is one ·surface feature of this species which has been generally 
overlooked,-the skeletal. In this species it amounts to no more than a 
line of small irregular plaques passing longitudinally down the right side 
of the body (Fig. 21s). It forks at the anterior extremity. We regard the 
skeletal features as important in classification. · 
Size 100 to 150µ by 60 to 90µ. We find 140 by 85µ to be the common 
size in our fixed material. 
23. Diplodininni m:edimn (Awerinzew and l\'Iutafowa 1914) . 
Buisson 1923 
. Syn .. il1etadinium medium (Awer. and MuL 1914) 
This species is similar to D. magii;except' that its macronucleus differs 
in shape. Instead of a pistol-shape, the nucleus presents an anterior, pos-
terior, and median enlargement · connected by narrower isthmuses. The 
micronucleus does not always lie in the angle just anterior to the' median 
enlargement, but we have found it sometimes further anterior, close against 
the macronucleus. This species was found in but one cow, and· eould not 
be distinguished from the D. magii present there except by the character 
of the macronucleus (Fig. 24). · 
Size 187 to 270µ by 136 to 175µ. 
24. Diplodinimn ecaudatum forma ecaildatum Fiorentini 1889 
This is the species which Sharp (1914) has immortalized by his in-
imitable work. We refer the reader to his work for the details and names 
of the various structures. There is no caudal spine in this variety (Fig. 
22). ·Like the other members of this species, this variety has a skeletal 
area divided into right,' left, and ventral regions, which meet about half 
way down the body; and pass posteriorly as a unit. We have found this 
variety frequently. 
Size 112 to 140µ by 40 to 60µ. 
Diplodinimn ecaudatum, forma caudatum Fiorentini 
Syn. Diplodinium caudafam Fiorentini 1889 
Diplodinium rostratum Fiorentini 1889 
Ophryoscolex inennis Raillet 1890 
Ophryoscolex inermis var. caudatus Cunha 1914 
Ophryoscolex intermixus Awerinzew and· Mutafowa 1914 
nee. Diplodinium caudatmn Eberlein 1895 
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Fiorentini (1890) himself suspected that his D. ecaudatum and D. 
caudatum were stages in the development of the same organism. Sharp 
(1914) has confirmed their identity, save for the inward curved spine which 
takes origin on the whole of the posterior end of the body which lies ventral 
to the anal opening (Fig. 25) . 
We find this species to be quite common in American cattle. 
Diplodini1tm ecaudatum Fiorentini 1889 forma bicaudatum Sharp 1914 
This species is exactly like the preceding, except for a smaller second-
ary spine situated just dorsal to the anal opening, and curving toward the 
primary spine. 
We have found only two specimens of this variety, both from the same 
cow. 
Diplodinium ecaudatum Fiorentini 1889 forma tricaudatum Sharp 1914 
This variety is almost exactly like the preceding, except for a tertiary 
spine, which is located to the right of the median line (Fig. 25a). We have 
found specimens of this form in three different cattle. 
Diplodinium ecaudatum Fiorentini 1889 forma quadricaudatum Sharp 
1914 
According to Sharp ( 1914), this variety is very similar to the pre-
ceding, except for the presence of a quaternary spine located on the right 
side of the body about midway between the primary and tertiary spines. 
We have not seen this species. Sharp, who worked in California, states 
that he found it in the majority of the cattle that he examined, but we have 
not found it in Iowa. 
Diplodinium ecaudatum forma cattanei Fiorentini 1889 
Syn. Diplodinium cattanei Fiorentini 1889 
Ophryoscolex cattanei Railliet 1890; da Cunha 1914 
Ophryoscolex fasiculus Awerinzew and Mutafowa 1914 
This variety resembles all the others except that it possesses five pos-
terior spines or prolongations of the body. There is always the larger 
ventral spine, as in forma caudatwm, dorsal to which are the other four 
spines. We have found a few specimens of this variety in each of four 
cattle. 
25. Diplodinium eberleini Cunha 1913 
Syn. D. caudatum Eberlein 1895 (homonym) 
D. eberleini Sharp 1914 
This species is similar to D. bursa, according to Eberlein, except that 
the posterior end is drawn out into three processes. The dorsal process is 
figured almost as long as the body, and pointed. The two ventral processes, 
one on each of the right and left sides, are short, blunt and lip-like. Size 
100 to 120µ by 60 to 70µ. We have not seen this species. Sharp reports 
that he did not find it in Pacific coast cattle. 
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26. Diplodinium. dentatum Fiorentini 1889 
Syn. D. mammosiim Railliet 1890 
D. fiorentinii Awerinzew and :M:etafowa, 1914 
nee. D. dentatum Railliet 1890; Eberlein 1895 
This species is somewhat truncated at the anterior end. The macro-
nucleus is elongated, somewhat bowed, and broader at the anterior end 
than at the posterior end (some exceptions). The micronucleus always. 
lies in an indentation of the macronucleus at or just anterior to the middle 
of its dorsal surface. Fiorentini described three posterior tooth-like pro-
longations of the body. We often find specimens with two prolongations. 
as figured (see Fig. 14), as well as those with three (Fig. 14a). Size 73. 
to 104µ (not including spines) by 44 to 60µ. 
27. Diplodinium denticulatum Fiorentini 1889 
Syn. Diplodinium dentatum Railliet 1890; Eberlein 1895 
Diplodinium dentatum Fiorentini 1889 var. 
denticulatum Buisson 1923 
Diplodinium anisacanthum Cunha 1914 
The validity of this species has been in dispute since Fiorentini de-. 
scribed it. Among others, Eberlein ( 1895) believes it to be a form variation 
of D. dentatum. Buisson (1923) makes it a variety of D. dentatum. In. 
the first place, however, the micronucleus of D. denticulatum has a constant. 
position close to the. macronucleus on its anterior dorsal convexity (Fig. 
16) . That of the two or three spined species, D. dentatum, is further pos-. 
terior (Fig. 14). We believe that D. anisacanthum Cunha 1914, with a. 
larger ventral spine, is merely an aberrant D. denticulatum, hardly de-
serving of even the rank of a variety, for we have found it among typical_ 
specimens. One often finds starch grains, plant fibers, and bacteria in the, 
endoplasm of this species. · 
Size without spines, 54 x 43µ to 82 x 55µ. 
28. Diplodinium minimum sp. nov. 
D. ecauda.tum Eberlein 1895 
Eberlein identifies this form with D. ecaudatum Fiorentini. It is t°' 
be distinguished from Entodinium minimum only by the presence of a 
dorsal zone of membranelles, which is shaped exactly as in D. bursa. Pos-
terior end is a somewhat rounded point. Size, 20 to 30µ by 50 to 60µ. 
It can be seen at a glance that the size is quite different from that of 
D. ecaudatum, which Fiorentini gives as 120 by 44µ. Another striking· 
difference is the location of the dorsal zone of membranelles, which in D. 
ecaudatum is slightly posterior, and not on the dorsal edge of the anterior· 
truncated surface. We have no seen this species. 
29. Diplodinium clevelandi sp. nov. 
We take great pleasure in naming this species after Doctor L. R. Cleve--
land, who showed by conclusive experimental evidence that the protozoa. 
of the termite lived in symbiosis with their hosts. 
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This species is in general rectangular in outline, with adoral and dorsal 
zone of membranelles (Fig. 20). The macronucleus is elongated, and 
slightly curved in conformity with the dorsal margin of the body. The 
micronucleus lies in an indentation just anterior to the middle of the dorsal 
surface of the macronucleus. The anus opens externally in the indentation. 
at about the middle of the posterior end of the body. 
Another especially prominent feature of most specimens of this species 
is a v-shaped skeletal area on the right side, with apex away from adoral 
zone. There may be a less granular cycloid posterioventral extremity. 
There may be a very pronounced line between this clearer area and the: 
thicker, more granular remaining portion of the body. Size 112 x 75µ to. 
78 x 44µ. Common size, 93 x 62µ. 
30. Diplodinium hegneri sp. nov. 
At first we interpreted the smaller specimens belonging to this genus. 
to be aberrant D. ecaudatum, and the larger ones either D. bursa or D. 
magii. The skeletal area on the right side of the medium sized individuals. 
(ca 120 x 65) is large and somewhat trapezoidal in outline (Fig. 17). Be-
neath the dorsal and ventral margins of the skeletal area are two refractile 
thickenings of the cuticle resembling attenuated rose thorns with the broad-
er ends anterior, and the points continuous with the cuticle of the posterior 
limit of the body. In smaller specimens (82 x 50µ) the skeletal area shows 
plainly, but the refractile cuticular thickenings are not pronounced. Many 
of the largest specimens (200 x 100µ and larger) resemble large engorged 
D. bursa, but here the character of the skeleton serves for distinguishing; 
them. The cuticular supports have entirely or partially disappeared. All 
except the dorsal and ventral portions of the skeletal area has become SQo 
thin, that the only remaining evidence for a skeletal area is two parallel 
diagonal splinters of skeleton on the anterior half of the right surface of 
the animal. These stain deep brown to violet with iodine when the material 
is fresh and unfixed. Contractile vacuoles are dorsal and number two in 
the smaller specimens, and up to five or more in the larger ones. Trans-
verse binary fission may take place at any stage of development. 
The developmental cycle through which this species passes can be fol-
lowed continuously from the smaller specimens up to the largest, and we 
have no doubt that all the different stages belong to one species. The case 
may be similar to that of D. magii and D. bursa, where it is entirely possible: 
(we think probable) that D. magii represents an enormously enlarged D. 
bursa, and the fact that both may have an almost identical skeletal area 
lends additional evidence. 
We take great pleasure in naming this species after Doctor Robert W. 
Hegner of Johns Hopkins University under whose stimulating influence the 
senior author was initiated into the field of protozoology. 
31. Diplodinium helseri sp. nov. 
This species is a typical Diplodinium with adoral and dorsal zone of 
membranelles, the latter not strikingly conspicuous, but nevertheless always 
present (Fig. 19). There is a caudal ventral prolongation of the body, often 
very much incurved. The macronucleus is elongated, blunt at anterior end 
and somewhat pointed at posterior end. The micronucleus lies in a dorsal 
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indentation of the macronucleus. The protoplasm is granular, but not 
densely so. The posterior-dorsal portion of the body is somewhat thinner 
and more transparent than the remaining portions of the body. Length of 
body, not including spine, 43 to 58µ.; width 25 to 33µ.. Length of spine 13 
to 25µ.. 
This species is fairly frequently found in cattle. 
We have named this species after Professor M. D. Helser in apprecia-
tion of the co-operation he has lent us. 
Genus OPHRYOSCOLEX Stein 1858 
Body more or less ovoid, truncated at the anterior end. Posterior end 
either rounded or bearing a number of elaborate spine-like prolongations 
of the body. Mouth surrounded by adoral zone of membranelles. Dorsal 
zone of membranelles surrounds four-fifths of the circumference of a zone 
somewhat anterior to the middle of the body. Contractile vacuoles are 
numerous, five, six or more. We are not convinced that the three species 
of Ophryoscolcx which have been described are not in reality all one species. 
Until they have been cultivated in pure lines, however, one would not be 
justified in uniting them into a single species. 
32. Ophryoscolex inermis Stein 1858 
nee. 0. inermis Railliet 1890 
Agrees in general with the generic description, except that the posterior 
end is rounded, and not provided with spines. Size, 170 to 190µ. by 65 to 
100µ.. 
We have found a few specimens of this genus in the one cow in which 
we found 0. caudatus in large numbers. It may represent merely a :fluctua-
tion of the latter species. 
33. Ophryoscolex purkynjei Stein 1858 
Syn. Diplodinium vortex Fiorentini 1889 
This species agrees with the preceding one, except that the posterior 
end is not rounded. Instead it is bristling with thorn-like appendages, or 
prolongations of the body. These are arranged in two or three terraces, 
each terrace encircling the body except for a short arc on the ventral sur-
face. At the posterior extremity is a bifid spine. 
Size, 200 by 80µ.. 
We have not found this species. 
34. Ophryoscolex caudatus Eberlein 1895 
This species is like the preceding, except that the body terminates in 
one long spine (Fig. 26). 
We have not found individuals with such long spines as Eberlein 
figures. Those we find have one broad spine on the posterior tip, somewhat 
larger than the other spines in the posterior region. We think ours belong 
to this species, however. Fig. 27 shows the skeletal area which is mostly 
ventral. It reminds one very much of that structure in D. ecaudatum, 
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which is tripartite anteriorly, but the parts blend for a considerable dis-
tance, only to again become tripartite posteriorly. 
CULTIVATION EXPERIMENTS 
Our first attempt at cultivation of the cattle protozoa was made on 
Feb. 16, 1926. The protozoa were obtained at the abattoir from cow 5, 
and carried to our laboratory in a thermo-jug. Tubes of media were in-
oculated immediately and incubated at 35°C. Three different kinds of 
media were used.-Ta.nabe's, Locke-egg-albumen, and Rogue's ovomucoid. 
Tanabe 's medium was made from .7 gram Nacl, 1 gram sodium citrate, .5 
gram Loffler's blood serum, 2 c.c. white of egg and 100 c.c. distilled water. 
For the Locke-egg-albumen medium, egg slants were made from four eggs 
shaken with 50 c.c. of Locke's physiological solution; a solution of 8 parts 
Locke's solution (distilled water, 1,000 c.c. ; Nacl, 9 grams; CaCl2 , .2 grams; 
KCl, .4 grams; NaHC08 , .2 grams; and glucose, 2.5 grams), and one part 
crystallized egg albumen was added to the depth of one cm. above the egg 
slant. The Hogue ovomucoid medium, was made from the whites of six 
eggs shaken with 600 c.c. of .7 per cent NaCl solution. The mixture was 
cooked over a boiling water bath for 20 minutes and strained through 
cheese cloth. It was tubed and autoclaved for 20 minutes at 15 pounds 
pressure. 
After 45 hours, the Tanabe 's medium showed no signs of growth; both 
the ovomucoid and the egg slants contained a few active Isotrichs. Sub-
cultures were made from all three kinds of media. Twenty-four hours later, 
the Isotrichs were all dead and there seemed to be no life in any of the 
tubes. However, after another 24 hours, the ovomucoid medium was filled 
with small, active amoeba. We identified them as Vahlkampfia lobospinosa 
except that they lacked a contractile vacuole. Sub-cultures were made 
every other day and the ameoebae were kept until April 2. Apparently 
the medium ceased to supply the nutritional requirements after 45 days. 
More tubes of the ovomucoid medium were inoculated on February 
23 from cow 7. The ciliates did not live for more than 48 hours. Tricho-
monas bovis, however, did live in this medium and was cultivated for three 
weeks by subculturing every other day. 
Later in the year we tried various different kinds of media. The in-
cubator was set at 37%° C. instead of 35°. Both aerobic and anaerobic 
technique was used in all cases. A mixture of Loeffler 's blood serum, .5 
grams; sodium citrate, 1 gram; and 0.5 per cent salt solution, 100 c.c. was 
used alone and mixed with corn meal and alfalfa. Corn and alfalfa were 
used in 0.5 per cent salt solution. Alfalfa infusion was used in 0.8 per cent 
solution and in distilled water. Alfalfa was used with ovomucoid me-
dium. Inactivated human blood serum was mixed with salt solution in the 
proportion of 6 to 100 c.c. None of these different media were successful 
for cultivating cattle protozoa. 
DESIGNATION OF 
.... cow 
>< Isotrieha prostoma 
>< Isotrieha intestinalis 
>< 
Dasytrieha 
ruminantium 
>< Entodinium bursa 
>< Entodinium minimum 
-
Entodinium eaudatum 
Entodinium 
biearinatum 
Entodinium furea 
Diplodinium magii 
Diplodinium bursa 
M M Diplodinium medium 
,_J 
D. eeaudatum forma 
>< eeaudatum 
>< 
D. eeaudatum forma 
eaudatum 
D. eeaudatum forma 
bieaudatum 
>< 
D. eeaudatum forma 
trieaudatum 
D. eeaudatum forma 
eattanei 
>< Diplodinium dentatum 
Diplodinium 
dentieulatum 
Diplodinium helseri 
Diplodinium hegneri 
Diplodinium elevelandi 
Ophryoseolex inermis 
Ophryoseolex eaudatus 
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GENERAL DISCUSSION 
The survey shows that with the exception of the three species of 
Butschlia we may expect to find about the same general types of protozoa 
in American cattle as are found in the Old World. We have found three 
new species of ciliates, which may have been either acquirlld from some 
-other ruminant indigenous to North America, as the bison, or overlooked 
in European cattle. Also, a cow may have as few as two species of ciliates 
in its stomach, or as many as sixteen. It would be difficult to draw any 
·definite conclusions as to the associations of any definite groups of species, 
a s an inspection of the accompanying table will show. 
There are several interesting observations regarding life histories which 
:should be emphasized in passing. Diplodinium hegneri presents a variety 
·of stages in its life cycle. A series can be constructed of forms ranging 
:from small up to extremely large, with marked differences of skeletal struc-
ture at the extremes of the series; nevertheless, a convincing series of ill-
termediate stages can be found. Then, there are certain reasons why D. 
magii may be considered to be an enlarged D. bursa. Their shape and 
:general structure are similar. But more convincing is the fact that both 
possess the same type of skeletal area, a small horseshoe-nail-shaped area 
'On the right side. . 
From the standpoint of evolution, there is plenty of food for thought 
in the complex ciliates found in cattle. Professor C. A. Kofoid was quoted 
in the newspapers several years ago as having mentioned high-speed evolu-
tion among termite protozoa. We might just as appropriately speak of 
.high speed evolution among the protozoa of ruminants. We have various 
species of Entodinjum with only an adoral zone of membranelles. Then 
the dorsal zone of membranelles on which the genus Diplodinium is estab-
lished appears. In this genus is the apparently unstable species, Diplodi-
nium ecaudatum, with a dorsal zone of membranelles more posteriorly 
located than in other members of the genus, a tripartite skeletal area (at 
least anteriorly), and a tendency to vary in regard to the number of caudal 
·spines. Apparently, from this species Ophryoscolex was derived. It has 
the dorsal zone of membranelles much further removed from the anterior 
•end, a skeletal area suggesting that of D. ecaudatum in that it is tripartite 
anteriorly, and a tendency to form a very elaborate armament of posterior 
s pines. 
What is the role of these protozoa in the stomach of the OX~ We shall 
not discuss in detail the various suggestions that have been advanced, .ior 
i.t is still an unsolved problem. Among the views that have been put forth 
are these: (1) they assist in the digestion of the food of the cow, (2) they 
:are injurious parasites of the cow, ( 3) they 1 serve to reduce the mould 
population of the rumen by feeding upon it, ( 4) they assist in digesting 
cellulose, (5) they supply a meat diet to the cow by multiplying in great 
numbers and passing with the food mass to the omasum and abomasum 
where they are digested, ( 6) they are mere commensals. Concerning the 
true significance, however, of this flourishing population of micro-organic 
animal life in the stomach of the cow, we can at present only conjecture. 
Carefully planned research should serve to determine which of the six 
aforementioned hypotheses can be established on facts. 
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KEY TO PROTOZOA INHABITING RUMEN AND RETICULUM OF CATTLE 
1. Locomotion by means of pseudopod formation (3) . 
2. Locomotion by means of flagella or cilia ( 5). 
3. Nucleus with conspicuous karyosome-Vahlkampfia lobospinosa (Fig. 
1). 
4. Nucleus with inconspicuous punctiform karyosome-Endamoeba bovis. 
5. Locomotion by means of flagella (7). 
6. Locomotion by means of cilia or membranelles ( 15) . 
7. Not possessing axostyle (9). 
8. Possessing axostyle (13). 
9. Possessing one long flagellum (11). 
10. Possessing about twelve united lateral flagella-Callimastix frontalis 
(Fig. 3). 
11. Spherical-Monas commnnis. 
12. Pear-shaped, flagellum arising laterally-Piromonas communis. 
13. With undulating membrane-Trichornonas communis (Fig. 5). 
14. Without undulating membrane-Eutrichomastix ruminantium (Fig. 
4). 
15. Locomotion by means of cilia covering body ( 17) . 
16. Locomotion by means of membranelles in anterior region. No cilia 
on other portions of body (27). 
17. Cilia conspicuous all over body (19). 
18. Cilia conspicuous in circumoral region at anterior end, inconspicuous 
over other portions (23). 
19. Rows of cilia (striations) longitudinal (21). 
20. Rows of cilia (striations) spiral-Dasytricha ruminantium (Fig. 8). 
21. Mouth-like opening at posterior end-Isotricha prostoma (Fig. 6). 
22. Mouth-like opening definitely posteriolateral-Isotricha intestinalis 
(Fig. 7) 
23. Lanceolate, collar-like anterior constriction-Butschlia lanceolata. 
24. Not elongated; no collar-like constriction, anterior end flattened (25 ) . 
25. Posterior end rounded-Butschlia parva (Fig. 9). 
26. Posterior end somewhat pointed, provided with four posterior-lateral 
indentations- Butschlia neglecta. 
27. Adoral zone of membranelles only (29). 
28. A dorsal zone of membranelles in addition to adoral zone (41). 
29. Without caudal spine-like prolongations of body ( 31). 
30. With one or more caudal spine-like prolongations of body (33). 
31. Macronucleus about four-fifths body length-Entodinium bursa (Fig. 
10). 
32. Macronucleus much shorter; smaller forms-Entodinium minimum 
(Fig. 15). 
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33. One long ventral caudal process-Entodinium rostratum. 
34. More than one caudal processes ( 35). 
35. One dorsal and one ventral process-Entodinium furca (Fig. 12). 
36. Three or more caudal processes (37). 
37. Six tooth-like caudal processes-Entodinium dentatum. 
38. Three caudal processes ( 39). 
39. Dorsal caudal process several times as long as two ventral caudal pro-
cesses-Entodinium caudatum (Fig. 11) 
40. Dorsal caudal process about same length as two ventral caudal pro-
cesses--Entodinium bicarinatum (Fig. 13). 
41. Dorsal zone of membranelles four-fifths encircling body just anterior 
to middle ( 43). 
42. Dorsal zone of membranelles not so extensive, at anterior end ( 47). 
43. Posterior end rounded; no spines-Ophryoscolex inermis. 
44. Posterior end bristling with spines ( 45). 
45. Most posterior spine bifid-Ophryoscolex purkynjei. 
46. Most posterior spine elongated, not bifid-Ophryoscolex caudatus 
(Figs. 26, 27). 
47. Surface skeletal area with anterior right, left, and ventral divisions 
meeting about middle of body. Length 112 to 140µ-Diplodinium ecau-
datum. 
(a) no caudal spine, forma eca1tdatum (Fig. 22). 
(b) one caudal spine, forma caudatum (Fig. 25). 
(c) two caudal spines, forma bicaudatum. 
(d) three caudal spines, forma tricaudatum (Fig. 25a). 
( e) four caudal spines, forma quadricaudatum. 
(f) five caudal spines, forma cattanei. 
48. Otherwise ( 49) . 
49. Skeletal area on right side of body only ( 51). 
50. Skeletal area inconspicuous or not present ( 53). 
51. Skeletal area extensive, extending to posterior end of body-Diplo-
dinium hegneri (Fig. 17). 
52. Skeletal area splinter-like slab only-Diplodinium bursa (Fig. 21). 
(See also D. magii). 
53. Giant forms, 175 to 275 in length ( 55). 
54. Smaller forms ( 57) . 
55. Macronucleus pistol-shaped- Diplodinium magii. 
56. Macronucleus yoke shaped- Diplodinium medium (Fig. 24). 
57. With one or more caudal prolongations of body (59). 
58. Without caudal prolongations of body (65). 
59. One incurved caudal process; small forms-Diplodinium helseri (Fig. 
19). 
60. More than one candal process (61). 
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61. With six (or five) tooth-like caudal spines-Diplodinium denticulatum 
(Fig. 16). 
62. With three (or two) caudal processes (63). 
63. Dorsal spine almost as long as the body, pointed; two lateral ventral 
flap-like processes-Diplodinium eberleini. 
64. Three (or two) posterior tooth-like processes-Diplodinium dentatum 
(Figs. 14, 14a). 
65. Body somewhat rectangular, posterior end rounded-Diplodinium 
clevelandi (Fig. 20). 
66. Body somewhat elongated, triangular, tapering to posterior end-
Diplodinium minimum. 
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EXPLANATION OF PLATES 
PLATE I. 
Vahlkampfia lobospinosa, trophozoites from cultures. (a) uninucleated form 
(b) large individual with four nuclei. X ca. 1240. 
Vahlkannpfia lobospinosa, cysts. (a) uninucleated cyst, with small chroma-
toid; (b) binucleated cyst. X ca. 1240. 
CallimasHx frontalis, trophozoite (after Braune). Lighter anterior area is 
Btirnf eld, with basal granules of Hagella in margin. X ca. 2100. 
Eutrichomastix ruminantium, trophozoite (after Braune). X ca. 2100. 
Trichomonas ruminantiu1n, trophozoite from culture. X ca. 1775. 
Isotricha prostoma, trophozoite. af, Braune 's Afterfibrillen; as, Stein's and 
Schuberg 's Afterspalte; c, cortical ectodern; :tn, ''mouth'' at posterior end. 
x 375. 
Fig. 7. Isotricha intestinalis, trophozoite. X 750. 
Fig. 8. Dasytricha ruminantium, trophozoite. a, Braune 's AftersWtzen. ''Mouth'' 
is opening at posterior end. X ca 490. 
Fig. 9. Butschlia par1Ja, trophozoite (after Schuberg, modiiied). X ca. 1280. k, 
Concrementhaufen. 
Fig. 10. Entodinium bursa, trophozoite. d, dorsal side; v. ventral. X 750. 
Fig. 11. Entodinium caudatum, trophozoite. d, dorsal side; v, ventral side. X 750. 
Fig. 12. Entodinium furca, trophozoite. X 750. 
Fig. 13. Entodinium bicarinatum, trophozoite. X 750. 
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PLATE II. 
Pig. 14. Diplodiniuin denta.tmn, trophozoite with two posterior processes. X 750. 14a, 
posterior end nf specinwn with three processes, the more typical condition. 
x :J/5. 
J<~ig. 15. Entodinium minimum, trophozoite. X 750. 
Pig. 16. Diplorli niiun dentio1ilat1im, trophozoite. X 750. 
Pig. 17. Diplorlinium hegnl'ri, rnedium-sizf'd trophozoite. am, adoral zone of rnern· 
bran ell es; dm, dorsal zone of membrane lies; op, operrulum; s, skeletal area 
on right side; c, the cuticular suppo1ts of skeleton. X 750. 
Pig. 18. Diplodinimn hegneri, large trophozoite, from left ::-itle. f, oesophageal re-
tractor fibern. X 375. 
Pig. 19. Diplodi11i1im li elseri, trophozoite. X 750. 
Pig. 20. 
Pig. 21. 
Diplooinimn clevelandi, t rophozoite. am, ac1oral zone of membrane Iles; dm, 
dorsal zone of membTanelks. X 375. 
D iplodinimn bursa, right side view, sho\\"ing skeletal area, s. This is similar 
to skf'ktal a rra to lw ~"en 011 1·ight side of many specimens of D. magii. X 375. 
PLATE H 
' 
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PLA TJ•: III. 
Fig. 22. Diplodinimn ecaudatmn forma ecai1datum, showing left and Ycntral skeletal 
areas. X 500. 
Fig. 23. 
Fi~. 24. 
Fig·. 9-
-<>· 
Diplodinii1m bursa. X 500. 
Diplodinimn mediiun. Note characteristic macronueleus. X 250. 
Diplodinium ecaiidc1tmn f01·ma caudatmn. X 500. 25a, poste1for end of 
forma tricaurlat11m. X ~50. 
Fig. 26. Ophryoscolex caiidatirs, dorsal view. am, acloral zone of membranelles; elm, 
•lorsal zone of memhrnnelles. X 500. 
Fig. 27. Ol'llryoscolex cai1dat11s, ventral view showing skeletal areas. X 250. 
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CHEMICAL TESTING OF' NICOTINE DUSTS• 
By R. M. HIXON and C. J. DRAKE 
From the Departments of Chemistry and of Zoology and Entomology, Iowa State College 
Received for publication Feb. 1, 1927 
The introduction of nicotine as a dusting agent has induced several 
laboratories to develop chemical methods for testing the efficiency of differ-
ent dusts as carriers. The most extensive work has been that of Thatcher 
and Streeter (1923). Literature citations will be found in these publica-
tions. 
In testing several dusts with the object of :finding the most economic 
carrier for the work in Iowa, the method of Thatcher and Streeter was 
selected as the most convenient. In applying this method to bentonite dust, 
irregularities were encountered which could not be explained as due to 
experimental error. In checking up this abnormality for bentonite, it de-
veloped that the m~thod of Thatcher and Streeter is not a measure of the 
efficiency of the carrier but gives rather a measure of the rate of evolution 
of nicotine vapor plus the rate of decomposition of the nicotine. 
LOSS OF NICOTINE DURING STORAGE 
Thatcher and Streeter pointed out that certain carriers, especially 
calcium carbonate, suffered considerable loss of nicotine even when stored 
in sealed containers. They suggested that this might be due to some chemical 
change in the nicotine. In a special study for ''the loss of nicotine from 
nicotine dusts during storage,'' McDonnell and Young confirm this ob-
servation. 
In working with bentonite as a carrier, it was found that 23% to 86% 
of the nicotine added was unaccountably lost when the dust was allowed 
to stand in tightly stoppered bottles for 24 to 48 hours. This loss took place 
independent!~ of whether the nicotine was added as the sulfate after treat-
ing with lime or as the free nicotine. 
Later experiments using pure nicotine revealed that an ether soluble 
oil was left in the bentonite after exposure; the insolubility of this oil in 
water and dilute acids would indicate that it might be oxy-nicotine. t 
DETERMINATION OF NICOTINE VAPOR FROM VARIOUS DUSTS 
Since the primary object of the laboratory work was the :finding of an 
economic carrier, the nature of the change in the nicotine was not investigat-
ed but attention was turned to the design of an apparatus that would per-
mit the analysis of the vapor given off by the various dusts. 
* Note. The data on which this report is based have been accumulated over a period of two years, 
attention being limited to practical aspects of the question. In view of the contradictory 
nature of our evidence in regard to that in the literature, it seemed advisable to publish this 
incomplete report. The theoretical questions are now being studied and will be reported at a 
future date. The analytical work ha~ been carried out by W. Catlin, M. B. Strawn and E. 
Winton. 
t Experimental work by W. R. Harlan. 
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A B F 
Figure 1 
The apparatus shown in Fig. 1 was designed to simulate actual dust-
ing conditions. By means of flowmeter A, air at a definite rate is passed 
through the humidity control B and allowed to blow over the surface of 
any dust agitated in the mixing machine• C. 
The dust is contained in a rotating bottle so that a film of dust is con-
tinuously falling past the sampling tube leading to the filter D. The sample 
of air-nicotine mixture above the dust is drawn by suction thru flowmeter 
F at the same rate as the air enters the mixing bottle, the dust is removed 
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*The construction of this machine is described by Hixon in the JI. Ind. & Engr. Chem. (1926) 
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by cotton in filter D and the nicotine absorbed in the train E. It is pos-
sible, by this apparatus, to determine the amount of nicotine left in the 
powder after exposures of various lengths of time. 
It was expected that equilibrium conditions could be established similar 
to those in use in determining vapor pressures by the dynamic method. This 
has not proved to be the case; Fig. 2 shows typical curves obtained under 
various rates of sampling. So far we have not attempted to control the 
light factor nor the speed of agitation of the dust. Without controlling 
these factors, checks within about 10% are obtained on duplication of all 
conditions. 
In Table I, results are reported for the analysis of 3% nicotine on 
bentonite, diatomaceous earth and magnesium carbonate as carriers and 
a 2% commercial dust. It will be seen that from 7% to 91 % of the nicotine 
is not accounted for depending upon the carrier; and that the concentration 
of the nicotine in the vapor is in the inverse order varying from 150 to 60 
parts per million. 
TABLE I. 
VAPOR CONCENTRATION AND NICOTINE LOSS FOR FOUR DUSTS 
Kind of dust 
3% Bentonite 
2% Commercial 
Dust 
3% Diatomaceous 
Earth 
3% Magnesium 
Carbonate 
Hour of 
analysis 
0-2 
14-17 
0-1 
14-17 
0-1 
10-12 
0-1 
15-17 
Concentra- Vapor Remain- Not ac-
tion of vapor removed ing in counted 
in parts per in air dust for 
million 
61 
31 8.6% 0.1% 91% 
110 
50 10% 45% 45% 
141 
36 10% 25% 65% 
150 
50 13% 80% 7% 
ReJafion of Vapor Concentration to 
ConcenfraTion in Dust 
Symbol ct Jfagnejt'um Ct" . 
A Diaromaceou.s Earth 
o Comm,,.cial Du:st 
x BenToniTe 
z . 
Percent Nicotine m 
1 
Dust 
Figure 3 
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In Fig. 3, the concentration of the vapor has been plotted against the 
nicotine content of the dust as revealed by analysis. It will be observed 
that with the exception of magnesium carbonate dust, the vapor concen-
tration is roughly proportional to the nicotine content of the dust. Mag-
nesium carbonate dust rapidly forms small balls which prevent uniform 
contact with the air, thereby lowering the rate of volatilization and de-
creasing the rate at which the nicotine is decomposed. 
All of this evidence indicates that the nicotine is decomposed to a vary-
ing degree depending upon the catalytic nature of the dust. In view of 
the chemistry of nicotine, the most logical explanation seems to be that the 
nicotine is oxidized by the air to a non-volatile form. This would also 
account for the failure to obtain a constant concentration of nicotine vapor 
in the above apparatus as would be expected, since varying degrees of de-
composition of the nicotine in the gas phase would take place according to 
the velocity of sampling. 
TOXICITY OF NICOTINE 
The toxicity of nicotine has been studied by Mclndoo (1916), who 
concludes that its killing properties are due to paralysis. Headlee reports 
the concentration of nicotine vapor in a field dusted under practical con-
ditions. Calculation of his results show from 8-15 parts of nicotine per 
million parts of air. 
It was expected that the toxicity of nicotine vapor could be easily 
studied in the apparatus shown in Fig. 1 by connecting vessels containing 
insects between the filter D and the absorption bottles E. 
Preliminary experiments with the cabbage aphis, showed that when 
these insects still feeding on cabbage leaves were placed in a 250 cc. bottle 
and connected to the apparatus, a concentration of 75-100 parts nicotine 
per million of air caused complete dropping of the insects in two minutes' 
time. Since the velocity with which the sample was drawn through the 
bottle was 175 cc. / min. this period of time would be required to displace 
the air from the bottle containing the insects. These insects were exposed 
for another six minutes and then transferred to bottles free from nicotine, 
the insects showed complete recovery in 12 hours. 
Since the aphis is too susceptible to nicotine for experimental purposes, 
the very resistant rice weevil (Sitophilus oryza L.) was used for experimen-
tation on toxicity. Preliminary experiments show that from 160 to 200 
parts nicotine per million of air will give from 60 to 100% kill on the weevil 
when exposed for three hours. 
Biological proof of the decomposition of nicotine in the vapor state 
can be seen in the following experiment. Nicotine vapor at a concentration 
of 160 pts. /mil. was drawn through a series of three bottles containing 
weevils. The first bottle was removed after 3 hours' exposure, the second 
and third bottles being exposed for 2 hours longer. Counts were made after 
48 hours and the kill found to be 60%, 50%, 25%, respectively showing 
that although the last two bottles were exposed for a longer period of time 
the toxicity of the nicotine was less than that in the first bottle. In view 
of the apparent rapidity of the decomposition of nicotine vapor in the air, 
the data given here as well as that in other portions of the paper should be 
considered as of comparative value rather than of a precise nature. 
This toxicity of nicotine is greater than that of hydrogen cyanide. The 
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mere fact that one 0:£ the Coleoptera is so susceptible to nicotine is rather 
contradictory to present conclusions concerning dusting. 
Another very significant fact is that if small quantities of dust pass the 
filter and come in contact with the insects a much more rapid and effective 
kill is obtained. Whether this implies that nicotine is more effective as a 
contact poison or merely that the concentration of the vapor is much higher 
at the surface of the dust remains to be proven. 
SUMMARY 
1. It is pointed out that the method proposed by Thatcher and Streeter 
for cheinical testing of the efficiency of various carriers for nicotine dusts 
is not reliable. 
2. An apparatus is described for analyzing the nicotine vapor evolved 
from a dust and results reported on the toxicity of this vapor to insects. 
3. The evidence indicates that nicotine decomposed at various rates 
in the dust is presumedly due to oxidation. 
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1Jenetus, 34, 278. 
versicolor, 24, 29, 34, 274, 277. 
wentii, 19, 24, 29, 34, 274, 279. 
Ll.zotobacter, 
chroococcum, 
1Jinelandii, 
Bacillus aborti'Vus-equinus, 163. 
abortivo-equinus, 163. 
abortus, 186. 
abortus equi, 163. 
abort1is equinus, 163. 
acidi lactici, 125, 135. 
acidophilus odontolyticus, 420 
aerogenes, 125, 141. 
alcaligenes, 184. 
alkalescens, 179. 
ambiguus, 177. 
archibaldi, 168. 
asiaticus, 150. 
asiaticus mobilis, 148. 
belfastiensis II, 173. 
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col immobilis, 134. 
coli 1Jerus, 131. 
columbensis, 160. 
communior, 137. 
communior var. coscoroba, 139. 
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salmoni, 155. 
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schafferi, 131, 134. 
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shigae, 176. 
suipestifer, 155. 
suis, 155. 
typhi, 170. 
typhi abdominalis, 170. 
typhosi68, 170. 
1Jekanda, 133. 
'!lesfoulosus, 136. 
'!Jiscosus lactis, 186. 
'IJulgaris, 147. 
watereka, 165. 
willegodai, 160. 
woliniae, 164. 
Bacterium, 128, 129. 
aborti'!Jo-equinwm, 163. 
abortwm, 186. 
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bookeri, 187. 
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ceylonensis, 182. 
chinense, 143. 
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coli, 131. 
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communior, 137. 
coscoroba, 139. 
dispar, 181. 
duodenale, 143. 
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equi, 183. 
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foetidum, 166. 
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kandiensis, 172. 
lactis aerogenes, 141. 
le'IJans, 144. 
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paratyphi A, 163. 
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pnewmoniae-crouposae, 127, 149. 
pne'l.lmonicwm, 149. 
pristnitzw, 171. 
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pseudocoloides, 137. 
psittacosis, 157. 
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pyogenes, 173. 
pyogenes-foetidwm, 173. 
ranicida, 151. 
rettgerei, 181. 
sang1,inariwm, 179. 
schafferi, 134. 
schmitzii, 177. 
schottmulleri, 158. 
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tala'IJensis, 172. 
typhi, 170. 
typhoswm, 170. 
'IJaleriei, 148. 
'IJeboda, 160. 
'IJekanda, 133. 
'IJesiculoswm, 136. 
'l!iscoswm, 186. 
'lliscoswm e.qui, 183. 
'IJiscoswm lactis, 186. 
'IJUlgare, 147. 
watereka, 165. 
wilsonii, 17 4. 
woliniae, 164. 
Bakteriwm coli. commune, 131. 
Balkanella, 123, 152. 
coagulans, 123. 
Basisporium, 231, 315. 
gallarum, 35, 315. 
Benzaldehyde as fungicide, 199. 
Bispora pusilla, 339. 
Bisporeae, 232. 
Biverticillium, 285. 
Botrytideae, 230. 
Botrytis, 230, 307. 
cinerea, 35, 307. 
dichotoma, 308. 
epigaea, 308. 
ful'!Ja, 308. 
geophila, 308. 
purpureospadicea, 308. 
terrestris, 35, 307. 
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Brachysporium, 340. 
Brisbane organism, 148. 
Brucella, 123, 183. 
abortus, 123, 186. 
melitensis, 123, 185. 
Bulliardium, 284, 287. 
Bii.tschlia, 350. 
lanceolata, 351, 362. 
neglecta, 351, 362. 
part1a, 351, 362. 
Biischliidae, 350. 
Butylaldehyde as fungicide, 199. 
Callimastix, 349. 
frontaU.s, 349, 362. 
Caramel as yeast stimulant, 411. 
Cephalosporieae, 229. 
Cephalosporium, 29, 229, 270. 
acremoniwm, 33, 270, 271. 
curtipes, 33, 270, 271. 
humicola, 33, 270, 271. 
koningi, 33, 271. 
Cephalothecilum roseum, 35, 311. 
Cercomonas rhizoidea communis, 347. 
rhizoidea maxima, 347. 
rhizoidea minima, 347. 
Chaetocladiaceae, 32, 227, 256. 
Chaetomella, 229, 267. 
horrida, 28, 29, 33, 267. 
tortilis, 33. 
Chaetomiaceae, 33, 228, 261. 
Chaetomium, 228, 261. 
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cochliodes, 33, 261, 262. 
crispatum, 33, 261. 
funicola, 261, 263. 
funiculum, 33. 
globosum, 33, 261. 
indicum, 261, 262. 
olivaceum, 33, 261. 
Chloridieae, 232. 
Citromyces, 286. 
glaber, 34, 297. 
Cladosporieae, 232. 
Cladosporium, 232, 320. 
epiphyllum, 35, 320. 
herbarum, 28, 29, 35, 317. 
Cloaca, 124, 140. 
cloacae, 124, 144. 
tevans, 124, 144. 
Coccobacillus foetidus ozenae, 166. 
Coccospora agricola, 35, 339. 
Collectotrichum, 340. 
Colon-typhoid group, 121. 
Coniothyriwm, 229, 266. 
fuckelii, 33, 266. 
terricola, 226, 267. 
Corethropsis, 33. 
paradoxa, 339. 
Corticium vagum, 339. 
Crown gall, 67. 
Cunninghamella, 227, 256. 
elegans, 32, 256. 
t1erticillata, 256, 340. 
Cymo-Mucor, 239, 241. 
Dasytricha, 350. 
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Dematiaceae, 35, 231, 234, 313. 
Dematiwm, 232, 316. 
pullulans, 361, 339. 
scabridum, 226, 317. 
Dicoccum, 232, 319. 
asper·um, 36, 319. 
Dictyosporae, 233. 
Diplodiniwm, 353. 
anisacanthum, 356. 
bicaudatum, 354. 
bursa, 354, 360, 363. 
cattanei, 355. 
caudatum, 354, 355. 
clevelandi, 356, 360, 364. 
dentatum, 356, 360, 364. 
dentatum var. denticulatum, 356. 
denticulatum, 356, 360, 364. 
eberleini, 355, 364. 
ecaudatum, 356, 363. 
ecaudatum forma bicaudatum, 
355, 360, 363. 
ecaudatum forma cattanei, 
355, 360, 363. 
ecaudatum forma caudatum, 
354, 360, 363. 
ecaudatum forma ecaudatum, 
354, 360, 363. 
ecaudatum forma quadricaudatum, 
355, 363. 
ecaudatum forma tricaudatum, 
355, 360, 363. 
fiorentinii, 356. 
helseri, 357, 360, 363. 
magii, 353, 360, 363. 
mammosiim, 356. 
mediwm, 354, 360, 363. 
minimiim, 356, 364. 
rostratum, 354. 
vortex, 358. 
Discolor, 330. 
Dysenteroides, 124, 168. 
bentotensis, 174. 
metadysentericus, 124. 
Eberthella, 168, 174. 
alkalescens, 179. 
ambigi1a, 177. 
belfastiensis, 173. 
bentortensis, 174. 
dispar, 181. 
dysenteriae, 176. 
enterica, 134. 
· jeffersonU., 179. 
kandiensis, 172. 
lewisii, 172. 
paradysenteriae, 178. 
pfaffii, 180. 
pritnitzii, 171. 
pyogenes, 173. 
rettgeri, 181. 
sanguinaria, 179. 
talavensis, 172. 
typhi, 170. 
typhosa, 170. 
wilsonii, 17 4. 
Eberthus, 124, 168. 
kandiensis, 172. 
pristnitzii, 171. 
tala1!ensis, 172. 
typh081/,S, 124, 170. 
Elegans, 328, 331. 
Encapsulata, 125. 
aerogenes, 141. 
Encapsulatus, 124, 140, 145. 
a1,'idi lactici, 124, 135. 
capsulatus, 141. 
lactis aerogenes, 124, 141. 
pnewmoniae, 124. 
Endamoeba, 346. 
bo1!i8, 346, 362. 
Endamoebidae, 346. 
Enteroides, 126. 
entericus, 126. 
para-entericus, 137. 
1!ekanda, 133. 
Entodinium, 351. 
bicarinatum, 352, 360, 363. 
bursa, 351, 360, 362. 
caudatmn, 352, 360, 363. 
dentatwm, 353, 363. 
/urea, 352, 360, 363. 
minimum, 352, 360, 362. 
rostratum, 352, 363. 
Epicoccum, 340. 
Erwinia, 125. 
amylo1!ora, 126. 
Escherichia, 129, 130. 
acidi lactici, 135. 
anata, 159. 
astheniae, 140. 
ca1!icida, 131. 
coli, 131. 
comm1vr.ior, 137. 
coscoroba, 139. 
enterica, 134. 
foetida, 166. 
griinthp,lii, 133. 
metacoli, 137. 
neapolitana, 138. 
oxytocus perniciosus, 142. 
paragriinthali, 134. 
pseudocoli, 13 7. 
pseudo-coloides, 137. 
pseudo-colifonnis, 137. 
pseudo-coscoroba, 139. 
schaefferi, 131, l34-
1!ekanda, l33-
1!esiculosa, 136. 
Eupenicillium, 284, 287. 
Eupionnotes, 329, 334. 
Eutrichomastix, 348. 
rwminantiwm, 348, 362. 
Ferruginosum, 335. 
Flexncrella, 127. 
Formaldehyde as fungicide, 199. 
Fungi Imperfecti, 33, 228, 265. 
Fungicide, Furfural as, 199. 
Furfural as fungicide, 199_ 
Fusariwm, 29, 234, 328. 
acwminatwm, 36, 331, 337. 
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affine, 36, 327. 
angustum, 36, 328, 331. 
argtllaceum, 330, 334. 
arid1im, 36, 331, 338. 
a1!enace1~, 331, 338. 
blasticola, 329, 332 . 
bullatum, 36, 330, 335. 
ca11dat1~, 36, 330, 334. 
culmorwm, 36, 330, 337. 
cuneiforme, 334. 
dimernm, 36, 329, 334. 
discolor, 36, 336. 
discolor var. sulplmreum, 336. 
elegant1~, 36, 329, 331. 
graminum, 331, 338. 
idahoanwm, 36, 329, 332. 
lanceolatwm, 36, 330, 335. 
lini, 36, 329, 333. 
martii, 333. 
metacrowm, 337. 
nigrum, 36, 330, 337. 
ni1lewm, 329, 333. 
orthoceras, 36, 328, 331. 
oxyspornm, 36, 329, 331, 332, 333. 
radicicola, 36, 329, 333. 
rubiginos1im, 36, 337. 
sambucinum, 330, 336. 
sanguinewm, 36, 330, 335. 
sclerotioides var. bre1Jis, 332. 
solani, 36, 329, 333. 
s1ibpallidum, 36, 330, 336. 
subulatum, 338. 
sulphurewm, 330, 336. 
tricothecioides, 36, 330, 336. 
1idwm, 329, 334. 
1!entricosum, 334. 
Geotrich1~ candid1~, 339. 
Germicidal efficiency, sodium 
hydrnxide, 379 
Germicide, sodium hydroxide, 379 
Gibbosum, 330, 334. 
Gliobotrys, 231, 314. 
albo1!iridis, 314. 
Gliocladium, 25, 230, 302, 340. 
atrnm, 227, 302, 305. 
caten1ilat1tm, 226, 302, 303. 
deliqiiescens, 302, 304. 
fimbriat1~, 226, 302, 304. 
penicilloides, 29, 35, 302, 303. 
roseum, 302, 303. 
Gonatobotrytideae, 230. 
Graciloides, 12i, 174. 
albofaciens, 127. 
Hairy root, 67. 
Hansenia apiculata, 339. 
Helminthosporieae, 232. 
H elminthosporiwm, 232, 320. 
anomalum, 226, 321. 
interseminatum, 35, 321. 
s1tbulatum, 35, 321. 
Hormodendrum, 232, 317. 
cladosporioides, 35, 317. 
hordei, 35, 317, 318. 
nigrescens, 317, 318. 
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olivaceum, 317, 318. 
pallidum, 35, 317, 318. 
viride, 317, 318. 
Hyalodidymae, 231. 
Hyalophragmie, 231. 
Hyalopus, 340. 
Hyalosporae, 229. 
Hydrogen ion concentration and 
temperature, 37. 
Hymenula, 233, 327. 
affinis, 327. 
Hypocreales, 228, 265. 
Hypoderma (Hyphodermaf), 340. 
Infusoria, 349. 
Intestinal group, 121. 
Isaria, 29, 340. 
lsotricha, 349. 
intestinalis, 350, 360, 362. 
prostoma, 350, 360, 362. 
Isotrichidae, 349. 
Klebsiella, 127, 145. 
crouposa, 127. 
enteritidis, 162. 
friedlanderi, 149. 
pnewmoniae, 149. 
Lactic acid, from Lactobacillus 
acidophilus, 419. 
Lactobacillus acidophilus, 419. 
bulgaricus, 419. 
casei, 419. 
viscosus, 186. 
Lanlwides, 127, 168, 174. 
ceylonensis B, 182. 
madampensis, 181. 
pyogencs, 127. 
pyogenes foetidus, 173. 
Linked inheritance in tomato, 3. 
Longevity of Pseudomonas 
tumefaciens, 81. 
Lycopersicum esculeutum, 3. 
Macronemcae, 229, 231, 232, 233. 
Macrosporiwm, 233, 325. 
cladosporioides, 325. 
commune, 35, 325. 
Marasmius, 340. 
Martiella, 329, 333. 
Mastigamoeba bovis, 347. 
Mastigophora, 34 7. 
Media for yeasts, 411. 
Melanconium, 340. 
Mesobotrys, 232, 319. 
simplex, 226, 319. 
Metadinfom medium, 354. 
Metallacter ileotyphi, 170. 
M-icrococcus ileotyphi, 170. 
melitensis, 185. 
Micronemeae, 232. 
Mi1cro1co1c1cus typhi abdominalis, 170. 
Monadidae, 347. 
Monas, 347. 
communis, 347, 362. 
Monascus, 340. 
Monilia, 29, 229, 268. 
acremoniwm, 268, 269 . . 
brunnea, 226, 268, 269. 
INDEX 
candida, 16, 34, 270. 
fimicola, 33, 270. 
geophila, 33, 268, 269. 
hwmicola, 33, 268, 270. 
implicata, 226, 268, 269. 
lcooingi, 33, 270. 
sitophila, 33, 268, 269. 
Moniliaceae, 33, 228, 267. 
Moniliales, 33, 228, 267. 
Mono-Mucor, 239, 240. 
Monosporium, 230, 306. 
acuminatwm var. terestre, 35, 306, 307. 
silvaticum, 35, 306, 307. 
Monotospora, 340. 
Monotosporeae, 231. 
Monoverticillium, 286, 295. 
Mortierella, 227, 254. 
humicola, 32, 254, 255. 
isabellina, 32, 254, 255. 
pu.silla, 32, 254, 255. 
subtilissima, 32, 254, 255. 
Mortierellaceae, 32, 227, 254. 
Mucedineae, 233. 
M·ucor, 227, 239. 
abundans, 241, 247. 
adventitius, 32, 240, 243. 
ambigi1ms, 32, 242, 250. 
botryoides, 32, 241, 247. 
christianiensis, 32, 240, 245. 
circinelloides, 31, 241, 248. 
corticolus, 32, 241, 249. 
dimorphosporus, 32, 241, 250. 
dispersus, 32, 240, 246. 
echinulatits, 241, 246. 
flavus, 32, 240, 245. 
genevensis, 32, 241, 246. 
geophilus, 28, 29, 32, 242, 251. 
glomerula, 28, 29, 32, 240, 244. 
griseocyanus, 32, 241, 248. 
heterogamus, 32, 252. 
hiemalis, 31, 240, 243. 
jansseni, 32, 241, 249. 
lamprosporus, 32, 241, 242, 249. 
lausannensis, 240, 244. 
microsporus, 31, 240, 243. 
mints, 240, 242. 
mucedo, 16, 32, 240, 243. 
plumbeiis, 32, 241, 250. 
racemosus, 16, 28, 29, 32, 240, 245. 
rnmannianus, 32, 240, 242. 
rufescens, 240, 242. 
saturninus, 32, 241, 248. 
silvaticus, 32. 
sphaerosporns, 32, 241, 250. 
spinescens, 32, 241, 249. 
stolonifer, 32. 
strictus, 32, 242, 251. 
sylvatieus, 240, 244. 
varians, 241, 247. 
Miicoraceae, 227, 234. 
Mucorales, 226, 234. 
Mycelia sterilia, 36, 234, 339. 
Myceliophthora sulphurea, 35, 339. 
Mycogone, 231, 312. 
nigra, 35, 312. 
Myrothe<JWm, 234, 338. 
roridum, 36, 338. 
N ectriaceae, 228, 265. 
N ematogonium humicola, 35, 311. 
Nematogonum, 230, 311. 
Neonectria, 228, 265. 
ramulariae, 265, 313. 
Neoxabea bipunctata, 59. 
Nicotine dusts, 373. 
Nitrogen 1ixation by bacteria, 395. 
Nitrogen 1ixing bacteria, 395. 
Nitrogen metabolism of nitrogen-
1ixing bacteria, 395. 
Nomogram of generation times, 63. 
Nomogram of velocity coefficients, 63. 
North American Oecanthinae, 59. 
Oecanthus, 59. 
angustipennis, 59. 
argentinus, 59. 
californicus, 59, 60. 
exclamationis, 59. 
latipennis, 60. 
marco.sensis, 59. 
nigricornis, 43. 
nigricornis argentinus, 60. 
nigricornis nigricornis, 60. 
nigricornis quadripunctatus, 60. 
niveus, 59. 
pini, 60. 
quadripunctatus, 43. 
rehnii, 59. 
rileyi, 59. 
Oedocephalum, 340. 
O\dium lactis, 16, 33, 268. 
Oikomonas communis, 347. 
minWria, 34 7. 
Oospora, 229, 267. 
lactis, 33, 268. 
,;ariabilis, 33, 268. 
Oosporeae, 229. 
Ophryoscolecidae, 351. 
Ophryoscolex, 358. 
cattanei, 355. 
caudatus, 358, 360, 363. fasiculus, 355. 
inermis, 358, 360, 363. 
\nermis var. caudatus, 354. 
intermixus, 354. 
purkynjei, 358, 363. 
Orthoptera, 37. 
Overgrowths, 76. 
Oxonium chrysospermum, 36. 
Ozonium corceum, 36, 308. 
Ozonium-Sepedonium, 340. 
Pachybasium, 230, 308. 
humatum, 35, 309. 
Papulaspora pannosa, 35, 339. 
Pasteurella salmoni, 155. 
Penicillium, 24, 230, 282, 284, 300. 
acidoferum, 286, 295. 
albidum, 286, 295. 
atramentosum, 34, 285, 290. 
bicolor, 35. 
biforme, 285, 289. 
bre11icaule, 287, 299. 
INDEX 
candidum, 351 300. 
chrysogenum, 25, 29, 34, 286, 294. 
cinerascens, 287, 297. 
citrinum, 286, 292. 
commune, 25, 29, 34, 285, 290. 
costantini, 287 299. 
crateriforme 226, 286, 293. 
cyclopillvm, 34, 284, 288. 
decumbens, 34, 287, 298. 
desiscens, 34, 300. 
digitatum, 34, 286, 294. 
dwaricatum, 301. 
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duclauxi, 25, 29, 35, 385, 391. 
echinatum, 286, 287, 293. 
expansum, 25, 29, 34, 284, 285, 288. 
frequentans, 34, 286, 296. 
funiculosum, 25, 29, 35, 285, 289. 
geophilum, 34, 300. 
glaber, 34. 
glabrum, 287, 297. 
glaucum, 16, 34. 
guttulosum, 226, 287, 298. 
humicola, 34, 285, 292. 
intricatum, 29, 34, 286, 294. 
italicum, 25, 29, 34, 384, 287. 
Ulaci'll!Um, 19, 25, 29, 34, 287, 298. 
lividum, 34, 286, 296. · 
luteum, 25, 29, 34, 285, 290. 
notatum, 34, 285, 289. 
oxalicum, 34, 286, 292. 
pfefferianum, 287, 296, 297. 
pfefferianus, 34. 
pinophilum, 19, 25, 29, 34, 285, 292. 
purpuroge'll!Um, 19, 25, 29, 34, 285, 291. 
restrictum, 226, 287, 297. 
roqueforti, 29, 34, 285, 290. 
roquefortii, 19, 25. 
.-oseum, 35, 303. 
rubrum, 285, 291. 
rugulosum, 25, 29, 34, 285, 291. 
silvaticum, 34, 300. 
stoloniferum, 284, 288. 
terrestre, 34, 300. 
tiinaceum, 226, 287, 299. 
viridicati1m, 34, 285, 289. 
Periconia, 231, 314. 
byssoides, 36, 315. 
lanata, 226, 315. 
Periconieae, 231. 
Peridinium tabulatum, 347. 
Periola, 340. 
Peronosporales, 227, 257. 
Pestalozzia, 340. 
pH and temperature, 37. 
Phaeostilbeae, 233. 
Phoma, 228, 265. 
humicola, 226, 266. 
Phragmosporeae, 232, 233. 
Phycomycetes, 226, 234. 
Pilaira, 227, 253. 
anomala, 32, 254. 
Pilobolaceae, 32, 227, 253. 
Piromonas, 348. 
communis, 347, 348, 362. 
maxWria, 34 7. 
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minima, 347. 
Pleurage, 228, 263. 
1!erruculosis, 33, 264. 
Pneumobacillus, 149. 
Pneumoniecoccus, 149. 
Polymastigidae, 349. 
Propylaldehyde as fungicide, 199. 
Proteus, 145. 
asiaticus, 150. 
hydrophilus, 151. 
infantum, 148. 
mirabilis, 148. 
pneumoniae, 149. 
proteus 1!ulgaris, 147. 
1!aleriei, 148. 
1!ulgaris, 147. 
zenkeri, 145. 
Protozoan Fauna, 345. 
Pseudomonas tumefaciens, 67. 
Pythiaceae, 228, 257. 
Pythium, 228, 257. 
de baryanum, 32, 258, 260. 
intermedium, 32, 258, 259. 
monospermum, 32, 258. 
proliferum, 32, 258. 
rostratwm, 32, 2!)8, 260. 
1!exan:s, 32, 258, 259. 
Racemo-Mucor, 239, 240. 
llamularia, 231, 312. 
eudidyma, 312. 
macrospora, 312. 
magnusiana, 35, 265, 313. 
Rhapalomyces, 340. 
Rhinotrichum, 340. 
llhizobium leguminosarum, 396 
llhizoctonia, 234, 339. 
solani, 36, 339. 
llhizopus, 227, 237. 
arrhizus, 31, 238. 
nigricans, 28, 29, 31, 238. 
nodosus, 31, 238. 
Roseum, 330, 337. 
Saccharomyces glutinus, 339. 
Saccharomycopsis capsularis, 339. 
Sachsia albicans, 33, 339. 
Salmonella, 152. 
abortivo-equina, 163. 
abortus equi, 163. 
aertryclce, 159. 
anafom, 159. 
archibaldii, 168. 
asiaticus, 150. 
cholerae suis, 155. 
columbensis, 160. 
enteritidis, 162. 
foetida, 166. 
guimai, 167. 
hirschfeldii, 161. 
icteroides, 156. 
macfadyeanii, 168. 
morganii, 166. 
para·aertrycke, 159. 
paratyphi, 163. 
para·typhosus A, 163. 
paratyphosus B, 158. 
INDEX 
psittacosis, 157. 
pullorum, 165. 
schottmulleri, 158. 
suipestifer, 155. 
1!eboda, 160. 
watereka, 165. 
willegodai, 160. 
woliniae, 164. 
Saprolegniaceae, 32. 
Sarcodina, 346. 
Saubinetii, 331, 338. 
Schmitz bacillus, 177. 
Sclerotium, 340. 
Scolecobasidium, 232, 320. 
constrictum, 320. 
terreum, 320. 
Scopulariopsis, 287, 298. 
brevicau.le, 3&, 299. 
communis, 35. 
ccmstantini, 299: 
repens, 35, 299. 
roseum, 35, 340. 
rufulus, 35, 299. 
Sepedonium, 230, 308. 
chrysospermum, 35, 308. 
Shigella, 174. 
alkalescens, 179. 
ambigua, 177. 
ceylonensis, 182. 
dysenteriae, 176, 178. 
equi, 183. 
,qallinarum, 179. 
lunavensis, 177. 
madampensis, 181. 
paradysenteriae, 178. 
pfaffi, 180. 
rettgeri, 181. 
sonnei, 182. 
Sodium hydroxide as germicide, 379. 
Soil fungi, 15. 
Sordaria, 340. 
Sordariaceae, 33, 228, 263. 
Sphaeriales, 33, 228, 261. 
Sphaerioidaceae, 33, 228, 265. 
Sphaeromonas communis, 347. 
maxima, 347. 
minima, 34 7. 
fagi, 33, 339. 
Sphaeropsidales, 33, 228, 265. 
Spicaria, 26, 230, 300. 
decumbens, 35, 302. 
dfoaricata, 300, 301. 
elegans, 301, 302. 
.~il1Jatica, 35, 300, 301. 
simplicissima, 29, 35, 300, 301. 
1!iolacea, 19, 29, 35, 300, 301. 
Spondylocladium, 233, 322. 
australe, 226, 322. 
xylogenum, 322, 340. 
Sporormia, 228, 264. 
fasciculata, 33, 264. 
SporQtrichum, 230, 305. 
pruinosum, 226, 305, 306. 
pul1Jiniforme, 306. 
roseum, 305, 306. 
Stachybotrys, 231, 313. 
alternans, 313. 
atra, 36, 313. 
cylindrospora, 36, 313, 314. 
lobulata, 28, 29, 36, 313, 314. 
Stemphylium, 233, 324. 
botryosum, 36, 324. 
paxianum, 36, 323. 
pi.riforme, 36, 324. 
1!erruculosum, 36, 324. 
Stilbaceae, 36, 233, 326. 
Stysanus, 233, 326. 
stemonites, 36, 326. 
Synsporium, 231, 315. 
biguttatum, 36, 315. 
Taxonomy of soil fungi, 16. 
Temperature and pH, 37. 
Temperature, effect on germicidal 
efficiency, 379. 
Tetracoccosporiwm, 233, 323. 
paxianum, 323. 
Tetramitidae, 348. 
Thamnidiaceae, 32, 227, 253. 
Thamnidium, 227, 253. 
elegans, 32, 253. 
Thermobacteriwm bulgaricum, 420 
Thielavia, 340. 
Tilachlidium, 233, 327. 
humicola, 36, 327. 
Tomato, inheritance in, 3. 
Torula lucifuga, 35, 339. 
Trichocladi111m asperum, 319. 
Trichoderma, 26, 27, 229, 271. 
album, 33, 271, 272. 
flavus, 340. 
glaucum, 19, 27, 29, 33, 272, 340. 
koningi, 19, 28, 29, 33, 272. 
lignorwm, 19, 28, 29, 33, 272. 
INDEX 
nigro1!irens, 33. 
asperum, 36. 
Trichomastix, 348. 
Trichomonas, 348. 
communis, 362. 
ruminantium, 348. 
Trichothecium, 231, 311. 
roseum, 35, 311. 
Tuberculariaceae, 36, 233, 327. 
Vahlkampfia, 346. 
lobospinosa, 346, 362. 
Valerie, 21, 148. 
Velocity of coefficients of growth 
and death rates, 63. 
Ventricosum, 329, 334. 
Verticillieae, 230. 
Verticillium, 230, 309. 
alboatrum, 309, 310. 
chlamydosporium, 35, 310. 
glaucum, 35, 309. 
terrcstre, 28, 29, 35, 309. 
Vibrio typhosus, 170. 
Volutella, 233, 327. 
piriformis, 226, 327. 
Water conduction in normal young 
apple trees, 88. 
W esenbergus, 128, 145, 152. 
giumai, 16'!. 
wesenbergii, 128. 
Willia anomala, 339. 
saturnus, 339. 
Yeast growth stimulant, 411. 
Zygodesmus, 340. 
Zygorhynchus, 227, 251. 
heterogamus, 252. 
moelleri, 32, 252. 
1!Uilleminii, 28, 29, 32, 252. 
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